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THE CONDENSATION OF GASOLINE FROM NATURAL GAS. 



By Geobqb a. BtrRBBLL, Fbane M. Sbibebt, and Q. Gt. Obebfbll. 



INTBODUCTION. 

The Bureau of Mines is conducting ft series of investigations with 
the common aim of minimizing the losses that occur in the mining 
and treatment of mineral substances. The results of the investi- 
gations are being published in reports of the bureau. This report 
treats of a method of preventing some of the waste of the natural gas 
incidental to oil mining. This method, the condensation of gasoHne 
from natural gas, offers to the oil operator and others a profitable 
mefms of utilizing some of the oil-well gas now being wasted. The 
most desired constituent of crude oil is obtained, the production of 
oil is not hindered, and the gas, after the extraction of gasoline, can 
be returned to the leased area to drive pumps or into pipe lines for 
uses to which natural gas is ordinarily put, usually with its fuel value 
lessened only in slight degree. 

Pubhcations already issued " briefly discuss the subject. In this 
report the work ia treated in greater detail, and the results of many 
additional tests are shown. 



Arnold and Clapp * classify as follows the various ways in which 
natural gas is wasted: 

(a) In drilling and casing wells. 

(i) From high-pressure wells, 

(c) In oil production. 

{d) llirough lack of proper care of wella. 

(e) In transportation, 

(f) In utilization, 

(g) Through improper plugging of weUs. 

This report concerns itself with method e, the waste incident to oil 
production. 

A. B, Macbeth, chairman of a committee on conservation appointed 
by the Natural-Gas Association of America, presented at the annual 

t Allen, I. C, and Bunell, O. A., LlgueBed products ftom DaRiral gea; thdr propratiea and uses: Tech- 
olcalPapei 10, Bureau of Hhm, 1912, 23 pp.; Buirell, O. A.,Bnd Selbert,F. M., The sampling and azunl. 
nation ol mine gasei uid uatuial gaa: Bull. 12, Bureau oFUIcbs, 1913, US pp. 

> Arnold, Ralph, and Clapp, F. 0., Waales In the production and utlliiatloii ol natural gas and HMmg 
rntlulrprsTeDtlon: Technical P^ier 38, Bureau of Mines, 11)13,29 pp. 
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meetii^ of the association in, Cleveland, Ohio, in May, 1913, a report » 
covering in brief different phases of the subject of the waste of natural 
gas. Following is an extract from that report, which defines the 
position of oil operators as regards waste in a new field: 

Where oil and gas are found in the same field, it is the general 
practice to blow off the gas. In some fields where the rock pressure 
is low and the production of both oil and gas is small, some operators 
are able to produce and market both oil and gas from the same sand. 
In lai^ operations no practicable way is found of obtaining the oil 
without wasting the gas, and this is the principal cause of the deple- 
tion of many gas fields, and is responsible for a greater waste of gas 
than all other causes put together. It is natural for the owners of a 
well to want to produce and sell the well's full production, whether 
oil or gas, in the shortest possible time, but it is impossible to market 
gas in the way oil is marketed, for gas can not be stored like oil. The 
committee saw no way of saving the gas from these wells without 
seriously affecting the oil production. 

Arnold and Clapp,* Arnold and Garfias," and Blatchley '' also discuss 
various means of preventing the waste of natural gas. They briefly 
mention the production of gasoline from gas. Arnold and Clapp ' 
state that at some wells the value of the recoverable gasoline in the 
gas is worth as much as 20 per cent of the oil produced,and that it 
is not extravf^ant to estimate the loss in gasolme, at 10 per cent of 
the oil produced, or, up to 1912, a clear loss of $4,000,000. 

OCCURRENCE OF OA8 AND Oil.. 

Gas may be found in a sand and separate from oil. It may be 
found in more than one sand separate from the oil, or the gas sand 
may be just above and in contact with the oil sand. A given sand 
may produce oil and gas in one place and in another part of a territory 
gas only. 

Gas may come from the same sand as the oil itself. It is this manner 
of occurrence of gas and oil that the authors desire to emphasize, for 
under these conditions the gas ia frequently mixed with enough of the 
gasoline constitutents of the oil to warrant the erection of a plant for 
the purpose of condensing the gasoline. 

1 Report of oommlttee od the canservBtion of natural gas : Proc. eighth ann.nMet. Notural-Oaa Asm. 
Ain.,Tol.e,iei3,p.240. 

» Arnold, Ralph, and Clapp, F. Q, Wutee in the production and a(illiatlc«] of natural gas, and mmis 
fiir thsb prevention: Technksl PaparSS, Bniean of Mines, 1913, 29 pp. 

' Armld, Ralph, and Oacflas, V. R., The prevention of waste ot all and gta from Sowing wells in CaU- 
k>nila, with a dlscuasion ot special methods used by I. A. FoUard: Technical Pi^kt 12, Bureau of UbKa, 

iBia, ispp.,2pla.,4ags. 

dBlat«hle;. R. S., Waste of oil and gva In the Mid-Coutlnent flelds; Technloal Paper 4fi, Bureau of 
Ulnee, 1911, ST pp. 

•Am^d, Ralph, and Clapp, F. O., <q>. alt., p. 11. 
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The gas usually finds its way to the atmosphere through the space 
between the casing of the well and the tubing Ln8ert«d for the removal 
of the oil. This gas is the so-called ' 'casing head gas." At the begin- 
ning of an oil flow when the flow is natural, a large quantity of gas 
escapes to the oil through the same tubing as the <al. Where the gas 
finds its exit to the atmosphere apart from the oil at the casing head 
it is a simple matter to make pdpe coimectioas between the casing head 
and any de^red point where the gas is to be utilized. This is fre- 
quently done when the supply of cafdng-head gas is sufficient to war- 
rant its utilization, but frequently, when the supply exceeds the small 
demands of the lease, the excess is wasted. 

When a well is first drilled, the quantity of gas escaping with the oil 
from the tubing is frequently enormous, being 10,000,000 to 15,000,000 
feet or more at times. This gas is wasted. The flow in time dimin- 
ishes. 

When gas comes with the oil in the flow pipe, the two ore often sepa^ 
rated by means of a gas trap. The oil, entering the top of a drum, 
settles to the bottom and is withdrawn, and the gas flows off at the top. 
Maoy of the plants in California utilize gas that flows with the oil for 
condensing gasoline. One gasoline plant in the Gushing field, Okla., 
also uses trap gas. A new type of trap for saving gas from gushers 
and separating the gasoline is described at the end of tliis report 
(p. 99). 

Oil wells that have passed the flowing stage and are being pumped 
may still continue to give off much gas at the casing head. The quan- 
tity may vary from httle or nothing at some wells to 500,000 cubic feet 
or more at others. When enough of the gas is available, it is used for 
pumping on the lease, the excess being wasted. A steam pumping 
engine of 50 horsepower requires about 25,000 cubic feet of gas for 10 
hours' operation. From 12 to 15cubic feet of natural gas is needed per 
horsepower-hour for gas engines that are tised on leases for pumping 
oil wells. If there is not enough of the gas available for working 
pumps, it is all allowed to go to waste, or perhaps some is used for 
heating and lifting a few scattered houses' on the lease. 

The efficient utilization of the wasting casing-head gas ordinarily is 
a difficult problem. The many miles of pipe that would have to be 
laid to transport it from a field would usually be an unwarranted 
expense. However, some towns, among which may be mentioned 
Warren, Pa., and Sisterville, W. Va., are lighted and heated laj^ely 
with caang-head gas. 

In general, however, the oil man considers casing-head gas as waste 
gas and its escape necessary in oil-well operations, to permit the maxi- 
mum flow of oil into the well from the surrounding strata. 
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Huntley" discUBses the free escape of gas as one of the causes of tiie 
decline of oil fields, tiie action h^ing somewhat as follows: 

(1 ) Excessive refrigeration due to the free expansion of lai^ quan- 
tities of gas forms waxy sediments in the productive stratum and in 
the tubing of the well. This sediment obstructs the passage of the 
oil from the sand. 

(2) The gas in the immediate vicinity of the well dissipates itself 
in the initial flow, and the oil production therefore falls off, owing to 
a lessenii^ of the emulsive force. ■ 

The rapid exhaustion of the gas in a certain part of the fl.eld may 
remove the only influence retarding the encroachment of water, 
which may, by a flanking movement, cut off a large section of the 
producing area; or water may oxist in the lower part of the oil 
sand, being held in check only by the rock pressure of the gas. If 
each cubic foot of gas were retained to perform its work of expelling 
petroleimi the pressure would help to retiH-d the water for a consid- 
erable period, or until the maximum amount of oil could be recovered. 
Huntley* cites the Hogshooter pool in Oklahoma as an example of 
a producing gas district that was ruined by having its gas drained 
too rapidly. Wells were constantly drawn upon to their utmost 
capacity; hence as no pressure restrained the water under high pres- 
sure in the lower part of the productive formation the water flooded 
one well after another. 



The concern of the operator of a plant for making gasoline of natural 
gas covers all phases of the industry from the occurrence of gas and 
oil in the well to the final disposal of the gasoline. Hence, In the 
following pages, is given a brief smmnary of some of the views that 
are held regarding the factors that affect the occurrence of gas and 
oil undergroimd. These views are fully discussed in reports of the 
United States Geological Survey. 

The operator is frequently puzzled to know why wells in one part 
of a field axe more productive than are others in the same field, 
or why adjoining wells or wells on the eame lease, are so erratic as 
regards output. Another question that may occur to him is why 
a particular field is productive and an adjoining territory non- 
productive. Many observations have shown tliat the strata yielding 
oil and gas are practically identical, the gas usually accumulating in 
the domes of the arches in the strata or in other elevated pajta of the 
deposits. Gas almost invariably accompanies oil where conditions 
favor its accumulation, but oil is frequently found almost unaccom- 

o EiinUSf , L. O., Posdbis onura ol ths decliuB of oil wedla aod mcgealcd matlu 
TectuilcBlPapeiSl,BuraaiiD[Ulti«e,1913,pp.B-7. 
* HunU»y, L. 0., op. clt., p. 7. 
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panied by gas on account of the collection of the gas in the highest 
portions of the strata or hecause of its eacape through impeifections of 
the covering layers. Brine ahuost universally accompanies the oil 
and gas. 

In addition to possessing a porous structure for holding the oil 
or gaseous contents, tie reservoir rock must be entirely covered with 
an impervious layer, the conunonest and most perfect cover being a 
fine^ained shale, whoso imperviousness and freedom from fracture 
enables the " sand " to retain the gas or oil. Gas, oil, and water are 
frequently foimd distributed according to their specific gravities, 
gas disengaging itself from the fluid and rising to the highest point in 
the beds, and water displacing the oil and finding a resting place as 
low down as possible. When oil and gas strata are comparatively 
little undisturbed, each well usually draws its supplies from a con- 
siderable area; indeed, the owners of wells in the United States are 
usually compelled to continue to raise oil, without r^ard to the 
conditions of market, to prevent its heang obtained by neighboring 
leaseholders. On the other hand, faults and dislocations of strata 
may limit the area over which a single well draws its supplies, and so 
impede the free passage of the fluid that the pressure is small. It 
is now generally admitted that the pressures in weUs are entirely 
due to accumulations of gaseous hydrocarbons, chiefly methane, 
whidi were formed with the liquid hydrocarbons and exist in a highly 
compressed condition and dissolved in the petrolemn or accumulated 
in the beds immediately overlying the oil stratum. Where the gas 
has been allowed to escape freely, petroleum rarely flows from a weU, 
and never, perhaps, unless left for a long time, rises to the surface 
unadded. 

Discrepancy in production may in some cases be attributed to 
local variations of the reservoir rock, but Arnold and Gaiflas " state 
that an abnormally low production of oil can be traced to one or 
more of the foUowing causes: Inefficient management; improperly 
finished well; poor condition of casing; faUure to perforate casing, 
or inadequate size and number of perforations; obstruction of the 
bore-hole by toob or fragments of debris; failure to exclude water, 
which sometimes results in the inrush of sand; effect of neighboring 
wells; and drawing on a secondary sand only. Some of these causes 
affect the yield of gas also. Arnold and Garflas ^ add that_ although 
at some wells conditions can not be remedied, and at others the 
expense incurred would not be compensated by the added production, 
nevertheless, in most instances, an intelligent study of the trouble 
and its sources will disclose some comparatively simple means of 
improving conditions so as to increase the total yield. 

> Arnold, Kalpb, and OatSas, V. B., Uetliods of oU r«c»raiy ia CnUCDrnlB: T«otmlcal Paper TO, Bunaii 
oflflius,iei4,p. e. 
, ' Arnold, Katph, and OarBas, V. R., idem. 
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EFFECT OF DBZLLZHQ MXiaSBOBINa WEIX8. 

Regarding underground connection between neighboring wells 
Huntley " has the following to say: 

The first well drilled in a group will tend to set up draint^ channels and divert 
large quantitiefl of oil from a considerable area. Subsequent wells come in as much 
BniaUer producers than the original well. Again, in loose Onconeolidated sands, 
such as are found in the Caddo field in Louisiana, and in the famous Glenn pool, in 
Oklahoma, if a well stops pumping for a day, &e Butroimding wells extend their own 
channels, breaking down the drainage Bystems of the first well, to the extent that it is 
often difficult to t^ain recover oil from the well that has stopped pumping. As a 
resultthe wellain the Glenn pool are pumped 24 hours a day, 365 days in a year. The 
condition of the sand in the Glenn pool was brought about somewhat artificiatly 
by the uae of enwmous quantities of nitroglyc^in in shooting. The sand, originally 
coarse and porous, has probably been shattered throughout the entire prodncii^ 

In certain lenticular fonoations, deeciibed by the oil man as "spotty," of two 
wells drilled only 150 feet apart, one has been a large producer and the other a dry 
hole. This discrepancy may be due to drainage conditions or may be caused by an 
intervening hard spot in the oil sand. If it is caused by drain^e conditiwis, the 
stopping of the producing well would probably cause the other to produce. Again, 
wells 1,000 to 2,000 feet apart are in places so closely cimnected unde^round that 
the muddy water used in drilling one well has been pumped out by another well a 
considerable distance away, not necessarily the well nearest to the one being drilled. 

Huntley '' further states that in a ti^t sand neighboring wells do 
not affect each other to the same degree as in a very porous stratum; 
that 13, such pronounced drainage channels toward the weUs first 
drilled are not formed. 

EFFECT OF FDBJCATION OF WAXY 8EDIUBHT. 

Most of the plants for making gasoline from natural gas draw the 
gas from old wells, many of which are very small producers of oil. 
Hence many of them have not received much attention as r^ards 
upkeep. One result of this inattention is the formation of waxy 
sediment or paraffin. Eegarding the formation of this waxy sedi- 
ment Huntley " comments as follows : 

Petroleum in the so-called paiaffin-oil fuels consists of hydrocarbons of the paraffin 
series, which range from the heaviest oil to the lightest gas. The gaseous constituenta 
of petroleum exist in what may be likened to solution, much like the gas of soda 
water, and as such expand and escape when the pressure is relieved by a well. The 
sudden expansion and volatilization of such light hydrocarbons has a refrigerating 
efiect, like the expansion of ammonia gas in an ice machine, chilling the remainder 
of the liquid petroleum and causing the separation of the heaviest paraffin as a waxy 
sediment. • • • This, • • « aloi^ with water and fine rock sediments, 
clogs th« pores of the sand and obstructs the passage of the oil into t^e well. 

a Huntley, L. 0., Possible caum^ or the decline of oil wells and suggeated methodaof ^oloiigltig ;leld 
TecluIcHl Fapw£l, Bureau of Mines, 1913, pp. a3-Zl. 
t Huntley, L. O., op. clt., p. 23. 
I Huntley, L. O., op. dt., p. 6. 
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HISTORY OF THE MAKING OF OA80UNB FROM 

NATlTRAIi OAS. 

That gasoline cim be extracted from natural gas has long been 
known, ever smce oil and gas have been noticed in some gaa pipe 
lines, but the production of gasoline from natural gas has only within 
the past few years become of commercial consequence, owing prin- 
cipally to Uie ever-increasii^ demand for gasoline. 

TWO STJCCBSsrni. plants in igo4. 

A. Fasenmey^ made gasoline from the gas of oil wells near Titus- 
ville, Fa., in the fall of 1304. His plant is almost within sight of the 
old Drake welL His first equipment was crude. The gas from the 
wells af tor passing through the gas pumps was cooled by means of a 
coil of pipe placed in a tank of water. TTie condensate produced was 
flowed to drip into a wooden barreL The losses resulting from 
evaporation WOTe large. The product when first collected had a 
gravity of 80° to 90° on the Baumfi scale. Hia production the 
first year was approximately 4,000 gallona, for which he received 
10 cents per gallon. Tompsett Bros., of Tidiout«, Fa., claim to have 
[receded Fasenmeyer in the making of a commercial venture out of 
the process. They are operating successfully at the present time. 

As these ventures proved a commercial success attention was turned 
to the designii^ of better plant equipment. Gas and oil operators 
in other oil fields in the United States proceeded to install gasoline 
plants. 

EAItLT METHODS. 

At first common gas pumps, with pressures not exceeding 50 
pounds per square inch, were used. Condensation was effected by 
running a pipe through the earth to the gasoline receivers. Mr. 
William Richards, of Warren, Pa., claims to have been the first to 
install high-pressure compressors. His first experiments, made in 
1905, were with pressures of 400 pounds per square inch. Later he 
came to the conclusion that a pressure of 250 pounds per square inch 
was sufficient to make gasoline that was about right for shipping. 
Mr. Bichards's plant was lo(3ated at Maybui^, Pa. 

In the first plants for making gasoline from natural gas the cooling 
system consisted in general of a series of pipes. In some plants the 
pipes were cooled by the air, but in most plants were immersed iu 
tanks contaioii^ water or else the water was allowed to drip over the 
pipes. At most plants the collecting tanks were open to the atmos- 
phere. The residual or waste gases were allowed to escape. After 
the condensate had ' ' weathered " — that is, when the lighter fractions 
had been allowed to volatilize and escape into the atmosphere — the 
product was marketed. 
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LATER UIPBOVEIEBNTS. 

The next step in the industry was to pass the gases from collectii^ 
tanks from the single-stage compressor through a higher-stage com- 
pressor. The gases were again cooled. In this manner a second and 
more volatile product was obtained, which was mixed with the product 
from the first-stage compressor. This mixture was again "weath- 
ered" and then marketed. F. P. Peterson, while connected with a 
gas-engine company in Grove City, Pa., claims to be the first to use 
the two-stage compressor method. As producers realized the great 
waste involved in this process, another improvement was introduced, 
as follows: 

The condensate produced from both stages of compression and 
cooling, which had a gravity of 80° to 100" B., was mixed with refinery 
napthas until the specific gravity had been lowered to 60° to 76° B. 
By this means there was obtained a product that evaporated more 
slowly than did the condensate. The process of blending is more 
fully discussed elsewhere in this report. 

The waste gases, after the gasoline had been extracted, were in 
part used for plant operation, and, in some plants, the remainder 
was returned to gas mains which supphed towns with gas for %hting 
and manufacturing purposes. In most plants the waste gases were 
allowed to escape into the atmosphere. At present much informa- 
tion is at hand as the result of the experimental work done, so that 
plants are now installed to meet particular requirements. The 
advisability of employing single or double st^e compressors, the 
pressures to be used, the method of handling and disposing of the 
condensate, and the disposition of the waste gases are aJl conddered. 

PATENTS ISSUED. 



Chute " ^ves the various patents that have been taken out covering 
the condensation of the hydrocarbons in natural gas, as follows: 

In 1866 Johnson received patent No. 54910 which clearly discloses 
the art of rendering liquid the vapors that rise with or are forced up 
with petroleum. 

In the Heinzerling patent of 1897, No. 575714, which expired 
January 2S, 1914, there is shown an air-compressor or gas-com- 
pressor cylinder and a gas-expansion cylinder, both coupled to a 
flywheel, with a series of condensers and heat exchangers between. 
Ilie specification clearly explains that the gas is to be compressed in 
the first cyhnder and cooled in two condensers in series, with con- 
densation of the condensible liquids, which are removed by appro- 
priate valved containers depending from and connected with the 
condensers. Hience the water-cooled gas passes to other condensers 

lEUotlne; Jom. Un, and Cham. Eiig.,Tol. 
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cooled by the residual gas, which is in the meantime expanded in the 
second cylinder, thus uding the compression. The expan£don pro- 
duces cold gas which afterwards, drculating through the last con- 
densers, cools the compressed gas to a point stated to be between 
-25° and -40° C. (-13" to -40° F.). The first water coohng is 
stated to refr%erate the gas to 10° C. (50° F.). 

Among the earher unexpired patents is Ko. 66S197 of 1901, issued to 
Seceiir, which claims a process of Hquefying methane from natural gas. 

In 1907 patent No. 867505 was granted to Dennis Hastings and 
W. Brink. It discloses that natural gas, after having been artifi- 
dally compressed, is brought into contact with water which serves 
to cool the gas; later water or oil is atomized to intermingle with 
the gas to cool it. The claims are for an arrangement of apparatus. 

In 1909, John L. Gray obtained patent No. 993976, for certain 
apparatus for obtaining gasoline' from the casing-head gas. The 
claims are for an organization of apparatus for separating, first, any 
engine or cylinder oil from the gas by means of the ordinary steam 
trap or (ol trap used on steam lines, a condenser with another oil 
trap beyond, and a relief valve which is an ordinary steam safety 
valve. There is also a pot steam trap to separate the condensed 
gasoline from the gas, and a receiving tank. 

Chute " states that in the processes now in successful use the 
essential steps have been covered by expired patents. 

Patents covering the separation of the light paraffin hydrocarbons 
in natural gas are described in the appendix at the end of this report.^f 

PRODUCTION OF GASOIiINB FROM NATTJRAI. GAS IN 
THE EASTERN" PART OF THE UNITED STATES. 

In the Appalachian oil fields the utilization of casing-head gas 
for ma kin g gasoline is more extensive than in the Mid-Continent or 
California fields. The industry had its commercial inception in 
Pennsylvania and West Vii^;ima. East of the Mississippi River 
the approximate ntmiber of plants in commercial op^ation was 
about 253 in July, 1913. Tlie plants were- distributt^ among the 
various States about as follows: New York, 1; Pennsylvania, 100; 
West Vh^ia, 100; Ohio, 47; Illinois, 5. The industry in these 
States is firmly established, and new plants are being built even in 
places where many thought that installations would not be placed. 

THE QASOLUTE nmUSTBT IN WEST ViaOINlA. 

The industry of making gasoline from natural gas has made fairly 
rapid progress in West Virginia in the past few years. In that 
State gasoline was first made from natural gas in 1905. There were 

a Chute, H. O., op. clt., p. US. 
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in July, 1913, about 100 plants in the State. The production from 
10 plants exceeded 500 gallons per day and from 6 exceeded 1,000 
gallons per day. The production of the Temaining plants ranged 
from a few gallonB up to 500 gallons per day. The number of wells 
connected to each plant varies from l or 2 up to 100, with an average 
of about 15 to 20. Of the total number of oil wells in the State, 
about 1,500 are utilized for gasoline production. The production is 
confined almost exclusively to 12 counties — Brooke, Calhoun, Han- 
cock, Harrison, Marion, Marshall, Pleasant, Eichie, Tyler, Wetzel, » 
Wirt, and Wood. The total production for 1913 was 7,662,493 
gallons." Hill* states that in 1912 there was produced 5,318,136 
gallons. 

Tyler and Pleasant Counties produce about 75 per cent of the total 
quantity of gasoline produced in the State. In Tyler County are 
five productive oil sands. The gas utilized for gasoline production 
accompanies the oil in the Big Injun sand. In Pleasant Coimty the 
gas utilized is chiefly from oil weUs tapping sands in the Berea grit. 
This sand hes below the Big Injun. The wells from which the 
natural gas is derived in these fields are from a few years to 20 years 
old, some of the first wells driUed still producing vapors of the heavy 
hydrocu-bons. The highest pressures utilized for making gasoline 
in West Virginia are about 150 pounds per square inch, none being 
over 260 pounds. Two plants at FoUansbee, W. Va., use the pressure 
last mentioned. 

Of about 14,000 producing oil wells in the State approximately 1,500 
are utilized for gasoline production. Day ' gives 13,014 as the 
number of producing oil weUa in the State at the end of the year 1911. 
This was an increase of 279 wells over the year 1910. At the present 
time the authors estimate that there are 14,000 wells in the State. 
This estimate is based only on what seems to be a reasonable in- 
crease in two years' time over the production for 1911 as given by 
the Geological Survey. The rate of ino^ase in production for the 
two years 1912 and 1913 is greater than during the preceding two 
years largely because the price of petroleum increased decidedly for 
a time. 

THE INDU8TBY IN PENNSYLVANIA. 

The industiy in Pennsylvania during 1912 and 1913 has made rapid 
progress. At the close of 1913 there were nearly 100 plants in suc- 
cessful operation. The industry is confined almost entirely to the 
counties of Butler, Forest, McKean, and Warren. 

Most of the plants are rather small, few producing 500 gallons per 
day. The average plant produces only about 200 gallons per day. 
The number of wells used for making gasoline is 1,100 or 1,200. 

o Hm, B., NBtnral gat: Kbunl Bncoices U. 8. tcr IMS, U. S. OeoL Survey, 1SI4, p. na. I 

► nm, B., Notoral EBs; Ulneral Kramirces U, 8. tor Mil, U. B. Geol. Survey, 1912, p. MS. 

e Da;, D. T., Petroleum: liinand BgSDurces U. 8. (or 1611, U. 8. Oeg). Survey, 1S13, p. 361. I 
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There were in 1913 about 56,000 producing oil wella in the State. 
Day " gives 52,545 as Mxe total number of producing wells in the 
State for 1911, The increase for the year 1912 was 1,645 wells and 
for 1913 was 2,065 wells. 

The output of gasohne for the year 1913 was 3,680,096 gallons.' 
The production for 1912 was 2,041,109 gallons.' The drawback to 
development in the northern counties lies in the lack of satisfactory 
transportation facilities. Most of the gasoline is hauled in tank 
wagons to the refineries where it is blended with naphtha. Some pro- 
ducers are forced to haul their product as far as 15 miles in tuiks. 
When better facilities shall have been provided for transportation, 
thereby cutting down considerably the coat of production, there will 
be a wider expansion in these oil fields. Less than 2 per cent of the 
producing oil wells are utihzed for the production of gasoline, as 
, against 10 per cent in West Virginia. 

The gases available in the Bradford County and the Warren County 
fields are from the third oil sand. The gases from most of the wells 
issue under a few pounds pressure. A small area around Tidioute, 
Pa,, produces a gas consisting almost entirely of the vapors of the 
Uquid hydrocarbons. These vapors are drawn out under a reduced 
pressure of 20 inches (12 pounds) of mercury. In no other field, to 
the authors' knowledge, are such "wet" gases encountered. The 
vapors after passing the vacuum pumps are simply cooled by means 
of running water. They are not compressed, 

THE INDUSTRY IN CAUFOBNIA. 

PBODTTCTION IN 1013. 

Hill '' states that the gasoline produced in California in 1913 was 
3,460,747 gallons, valued at $405,186. 
Gilmore ' specifies the following production for California: 

ComFeny and fleld. Qalloiu per da;, 

Puente Oil Co., Paente field 450 

Pacific GiaaoliiM Co., Brea Canyon, two plants 4,000 

Union Oil Co., Santa Maria field 1, 000 

Standard Oil Co., Newhall field 450 

Ain«arican Gasoline Co., Santa Maria field 1, 400 

Purity Gaaoline Co., Santa Maria field, two plants 1, 700 

Pinel Dome, Santa Maria field, two plants 3,500 

Frank Hall, Santa Maria field 500 

Olinda Gasoline Co., Olinda field 1, 000 

Hurlay-Smith-CollinH Co., Oleo field 2, 500 

A. F. Gilmore, Salt Lake field 45Q 

Total 16,950 

a Dar, D. T., Felioleain: Ulneral Bfsamora U.B. t« 1911, V. S. Oeol. Siurey, 1911, p. isl. 
» HOI B., HUnna gu: Ulneral Resouiccs XJ. S. Im 1913, U. B. a«ol. Bunre; , 1914, p. U80. 
c HIll,B.,loadt. 

ilHm,B.,loa.dt. (_' 

• ailmars Frank, OBaoUue In Cmionila: UUand Ga3Jour.,Tal. 12, Oct. 9,19I3,p.3a. 
B7SB8'— Boll. 88— IB 2 
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NOTBWOB^ET XNTBRBST IN TKE JJSTDJJBT&Y. 
Gilmore " says further, regarding the gasoline mduatry in California : 
In the nutnufacture of this much-needed commodity [gasoline] more interest haa 
been shown during the past year than in oil. Many experiments have been made and 
every theory brought forth and worked upon to bring out the greatest percentage 
possible in extracting the motor fuel from crude oil and gas. Befrigerating and freezing 
processes have worked overtime and enthusiastic estimates of the possibilities likely 
to be attained have been published, leading to the belief that the very air around an 
oil well would be converted into liquid, but from general obeervationB made in the 
field moetof these experiments are still in thfdrincipiency. It haa been demonstrated 
that low^ravity oil and its gas do not 'contain proportions of gasoline equal to those of 
the higher grade, and every effort to bring out and increase the percentage has been a 
failure. It ia contended that the gas found in the Olinda field and worked out through 
the refrigerating process contains a larger percentage than could be given by the com- 
pressor method. This is a matter of theory alone. The "plant "so far has not proved 
its efficiency over the latter method and has fallen far short of expectations. They 
are making about 1,000 gallons per day. The same reaulla and possibly better would 
have been obtained with the compressor system. They claim, however, that if the 
results are no larger the running expenses are coneiderably lees. 

In the Santa Maria field, where the gravity of the oil runs above 30" B., gasoline of 
the best gravity is manufactured from casing-head gas. The field is noted for its large 
amount of escaping gas, and durii^ the past two years a number of plants have been 
installed. Each of these up to the present time has shown an increase rather than a 
decrease in output, and what is more the operation of these "plants" haa shown a 
tendency to increase the amount of production in the wells from which the gas is 
taken, the result of the vacuum caused in draining out the gas. 

UABEETIHa THE FBODUOT. 



liber^ supply from the Santa Maria field. The Finel-Dome people ship their product 
here and market from tank wagons; the Purity gasoline is shipped to a distributing 
station here and is marketed in the dty and through adjoining towns and cities. The 
Union Oil Co. marketfi the product of the Pacific Co. and its own. 

Investigations made prove that where the gravity is not lowered below 62" or 64" B. 
there is no perceptible diSerence between this article and that manufactured from 
crude oil. Wherever an inferior grade is placed on the market it is in every instance 
the result of reducing below the commercial grade by the application of too large a 
percentage of distillate, and this may happen to all grades. This is frequently the 
result of low prices being advertised, and until methods are adopted that will call for 
an inspector and impose a penalty for selling anything below a given speciflc gravity 
these dishonest methods will probably continue. These adulterations are brought 
about by the retailers, and not by the manufacturers, it is claimed. 

Regarding immediate futiire developments Mr, Gilmore, in a letter 
to the authors, states that "the Union Oil Co. expected to extract 
with a new installation about 8,000 gallons per day from 8,000,000 
cubic feet of gas, and a new plant owned by A. F. Gilmore is expected 
to add another 1,000 gallons per day, making a total of 25,450 gallons 
per day." 

Gilmore, Frank, Qudlne In CaUIoniJa; Oil and Oas Jour., vol. 12, Oct, 9, 1913, p. 30. 
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DZSTBIBITTION OF PZJUVTS. 

Laiiey " writes ae follows regarding the production of gasoline in 
California. 
The coast-i&nge moimtaiiui divide the State imto two great groupe known aa die 

coast fields and the intciioi or valley fields. In the former group are the Santa Haiia 
Ventura, Newhall, Salt Lake, and FuUerton-Wiittier, while the Coaliaga, Lost Hills, 
UcKittrick, Kern River, Sunset, and Midway fields comprise the latter group. Tie 
valley fields have but one gasoline plant and that inoperative, while every field in 
the former group has one or more plants either in the course of construction or having 
been in actual operation for a year or more. And this in spite of the fact that pro- 
duction of both gas and oil in the valley fields is many timee greater than that from 
the fields to the weet of the mountains. That not all the gas is suitable for gasoline 
production is true, but it will undoubtedly be found when a thorou^ examination 
is made of theee gases that the volume carrying considerable gasoline coetLtuente is 
at! great U not greater than in all the rest of the State taken together. The total num- 
ber of gasoline plants in theee fields is, at the present writing, 16, having a capacity 
in exceee of 24,000,000 cubic feet of gas and producing upwards of 25,000 galbns of 
this valuable commodity daily. 

KETHODS EMPLOTXD. 

In general the methods employed in recovering the condenuble fraction from the 
gases in these fields are similar to those used elsewhere in the country, the vstiationa 
being due to differences in local conditions. A great deal of the gas worked is obtained 
from flowing wells in combination with the oil and is separated in -gas tiaps, being 
lead-line rather than casing-head gas. Naturally this gas is often far from clean, and 
in some cases leaves the trap at high temperatures (100° te 120° P.— 38° to 49° C), and 
it has been foimd necessary to use some form of precooling to lower the temperature 
before leading the gas to the machine, and in many cases scrubbers have been em- 
ployed in order to remove the heavier distillates and any foreign matter that mi^t 
work harm to the compressor cylinders and valves. 

The pressures used nm generally from 210 to 250 pounds per square inch, with the 
exception of one plant lining an ammonia refrigerating system where the product is 
obtained at 40 pounds preeeure. There is one plant using three-stage compression; 
the majority use two-stage, but since their final pressures are 250 pounds the only 
apparent advantage of this variation is that they get one more cut in their product, 
and this advantage disappears when, as is done in most cases, the diSerent cuta are 
all nm into one stock tank and allowed to blend. 

The problem of final cooling of the compressed gas has been approached in a va- 
riety of ways, chief among which are, first, by allowing the compressed gas to expand 
through a controlling valve or an orifice around the pipe containing the incoming 
compressed gas; second, by means of an ammonia refrigerating plant, auxiliary to the 
main plant; and third, by expanding the compressed gas through a power cylinder 
and using the power thus made available for any one of a variety of purposes around 
the plant, such as redistributii^ the residue gas over the lease, assistii^ in the opera- 
tion of the main compressor or operating another low-pressine compressor cylinder in 
parallel with that of the main machine. This third method seems to be by far the 
most practical, where low temperatures are desirable, for not only can as bw or bww 
temperatures be obtained by this method as by either of the other methods, but a 
part of the power expended in the main engines in compressing the gas is here re- 
covered and put to Home useful purpose. The principal difficulties so tar encoun- 



s Ths production o[ natural gasoline la CalUOrola, TbeBcsaenm Uontblj, Decembo'. ISIS, p. l.'-^ I C 
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tciwl in dflkliug with the sztremely low tcmpentore obtained in this espHnding 
cylinder, frequently aalowas— 50° to— 60° P. (—46° to —61° C. ), have been those of 
hitHicaticat and obetnicticH) due to coi^ealed nKMstore. Illie fortott can Dsnally be 
OTcrcome by using a good gtwle of low-tempentoie oil and by exercdaiig care in so 
feeding this oil to the cylinder and valves that it is apphed directly to the aur&cee 
in contact. The problran of rcxooving all ntoiature from the gas before allowing it to 
enter the expandii^ cylinder is not, in alt cases, so mmple aa would appear, tor in 
spate of the bet that the t^npentuie of thiB ffe bebva expanaon is sevtsal d^reea 
below the freezing point of water, a ccxtain amount ot moisture mmetimee petaiBta in 
Bpile of all efforts to tiap it out and later freezes either in the expanding cylinder 
OT, SB is more frequmitly the case, in the double cooling coils, necemitating the 
application of heat from time to time to thaw them in order that the operation 
may continue. To eliminate the poedbility of ahutdowna from tfaia cause it has 
been found necessary In some cases to install double ccdls in duplicate, bo that one 
half may be shut down for thawing without seriously disturbing the opeaation of the 
plant. A Uttte warm hi^-preesure gas led to these coUs has proved a very simple and 
convenient meems of ronoving this accumulatitm of frost. 

DSTAIZ.8 OF BQUIPUBNT. 

^th lower temperatures has come a recognition of the value and importance of 
thorough insulation c^ all piping tlirough which this low-temp«ature gas is handled. 
This insulation is usually accomplished by boxiiig the coils and pacldng with dry 
sawdust, whileallothnpipingiscoveredwithagoodgrade of molded cork insulation. 
The finer details of construction and operation such as this were neglected during 
the earlier attempts at the recovery ot gasoline, but their importance is now being 
fully recc^nized, and inthemostup-to-date plants all condeuamgequipmentfoUowiiig 
the water-cooling coils is housed and the pifnug carefully insulated. 

The value of automatic traps, for handling the ^soline from the accumulators as 
fast as it is condensed, in order to eliminate ss far aa possible the solution of com- 
prewed gBB m the product, is rapidly being appreciated, and at many plants the 
vapor tensions and evaporation losses have been miaterially reduced by the adoption 
of these simple devices. 

HEFOBTAirCE OF WATER SUPPLY. 

Anothtf obstacle that the California operators have had to overcome is the difficulty 
of obtaining water in sufficient quantities and of such temp«sature as is necessary 
tor cooling purposes. Wat^ must be carefully conserved, fbr most of it is brought 
(rom some outside source and water biUa form no smoU item in the opoating expenses 
of a plant. This conservation has been accomplished by using the same water over 
and over again, pumping it thiou^ cooling towera and reducing its lempeiature by 
evaporation before leading it agun over the cooling coils and through cylinder 
jackets. Only enough new wat^ is added from time to time to make up for evapo- 
ration losses and those due to unavoidable leaks. 

SPECIFIG aBAVITT AXTD PBICE OF PBODTTCT. 

The gravity of the product obtained varies greatly, running as low in some cases as 
67° B., while in others it varies between 86° and 90° B., this gravity being the blend 
of all the cuts from any one plant. 

The price obtained for the unblended product ran in the nei^borhood of 10 cents 
at the plant, but some of the larger opoators are doing theii own blending, and mar- 
ketinga resulting product at 62° B. that brings them from 15 to 17 cents, thus realizing 
the ma-riinmn return from the production of th^ plants. 
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THE INDTJSTBT TS THE MID-CONTINBNrr FIBXiD. 
DETAILS OF PBODTTOXION. 

In the &Cd-Continent field the first plant was installed in 1909 
by D. W. Frantdiot at Eieferj Okla. At the close of the year 1911 
there were 7 plante in operation, making about 2,000 gallons of gaso- 
line daily. In June, 1913, there were 23 plants. Table 1, following, 
shows the location of some of the plants in the Mid-Continent field 
on June 1, 1913, the quantity of gas used, the number of wells used, 
the number of compressor units, the reduced pressure to which gas is - 
subjected when drawn from the wells, the compression to which the 
gas is subjected in the compressors, the quantity of gasoline produced, 
the gravity of condensate in the accumulator tank, tiie purpose for 
which the condensate is used, the value of the plant, and the quan- 
tity of the gasoline sold. Complete returns were not obtained. 
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QU-ANTITT AND TALTTB OF CONDENSATE, 

These plants, with others in Oklahoma not listed iu the foregoing 
table, produced about 350,000 gallons of natural-gas condensate 
during April. The value of tiie condensate is estimated at 135,000, 
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about 600 wells being utilized. At tbe close of May, 1913, tbere 
were in Oklahoma 25,612 producing oil wells, making about 4,000,000 
barrels of oil, worth $3,520,000, at 88 cents a barrel, the price then 
prevailing. It the average perc^itage of gasoline obtainable from 
Oklahoma crude oil by refining is estimated to be 14, then 23,520,000 
gallons of gasoline could be produced, which, at the rate of 15 cents 
per gallon, would be worth $3,528,000. 

Gas from about 2 per cent of the total oil wells was used for making 
gasoline. The gasoline made from caang-head gas was probably lees 
than 1 per cent of the gasoline produced at the refinery. 

At the end of the year 1913 there wotc 40 plants in operation in 
Oklahoma. The value of gasoline produced in 1913 was $577,944." 

nmniE of the industry in oelahoka. 

It has been stated that about 25,000 producing wells were in opera- 
tion on the last day of May, 1913, and that 600 were used for gaso- 
line production. It is not to be inferred that all of these wells will 
contain gas of sufficient volume or proper character to produce 
gasoline. 

Probably less than one-third of the total number of wells will be 
available, owing to the reasons following. These reasons also apply 
of course to other locaUties in the United States. 

(1) Insufficient gas yield. 

(2) Unfavorable location of wells with reference to transporta- 
tion of finished product. 

(3) Poor quality of gas. 

On the other hand, gas from many wells that have not been utilized 
as yet will produce gasoline in paying quantities. Many wells that 
do not produce gas of proper character now will do so in the future 
as the wells grow older. This statement is substantiated by the 
eicperience of many operators in the Appalachian fields. There the 
old wells are producing gas that is the richest in gasoline vapors. 
The final maximum yield per 1,000 cubic feet of gas will be reached 
when the tnininuiTn pressure is reached in the oil well. The gasoline 
yield should then become practically constant. 

The Muskogee, Okmulgee, Gushing, and Cleveland oil fields in 
Oklahoma possess many wells that are promising. The outlook for 
large producing wells in the north of the State is not so promising. 
Seemingly there is not enough gas in many territories to warrant 
the installation of gasoline plants. There are, however, many favor- 
able locations, and to date those plants that have been developed in 
the northern region are profitable notwithstanding the small size 
and great niunber of wells connected. 

aH01,B., NatoralgM: HluendBcsooicMlI. S. focieit; U.S. QmI. Sunar, Iflll, p. Ittl. 
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DEVELOPMENT OF INDUSTRY IN FOREION COUNTRIES. 

DeTelopment of the industry in foreign countries has been slow. 
The authors have knowledge of one plant at Payta, Peru, installed 
by Americans. The plant handles 60,000 cubic feet of gas per day. 
Another small plant in the Galicia oil fields, Austriar-Hungary, 
handled 20,000 cubic feet of gas per day. 

TOTAL OASOUNE PRODUCTION IN THE UNITED STATES. 
PRODUCTION DT 1911 AJfU 1912. 

The following table, covering gasoline production in the United 
States for 1911 and ldl2, is taken from data compiled by HUl;" 

The productmn of gatoline/rom natural g<u in 1911 and 1911 in tilt United 8taU*. 
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FRODUCnOK IN leis. 



The data following show the production of gasoline from natural 
gas for the year 1913. The figures are taken from data obtained by 
the United States (Jeological Survey ,• 

Production df gaaolim/rom natural gat in the United Statet in I91S, by States. 
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According to these ^ures the mcrease in the production of gasoline 
from natural gas in .the United States for the year 1913 over the year 
1912 was ahont 100 per cent. According to the United States Geo- 
logical Survey figures, the rate of increase for 1912 over 1911 was 63 
per cent. 

According to Hill, the total estimated consumption of natural gas 
in the United States in 1912 was 662,203,452,000 cubic feet," and the 
total quantity used for making gasoline was 4,687,796,329.* This 
latter figure represents gas not included in the total consumption, 
for it covered gas principally going to waste. At the close of the 
year 1913,* this figure was 9,899,441,500 cuhic feet and the total 
quantity of gas used for all purposes was 581,898,239 cubic feet." 
The percentage of natural gas used for making gasoline was 1.7. 

CHEMISTRY OF NATURAL GAS. 

In the gasoline industry natural gas is popularly classified in two 
great divisions — "wet" gas and "dry" gas. Gas not intimately 
associated with oil is known as "dry" gas; that in the same stratum 
with oil and in intimate contact with it is the so-called "wet" gas, 
from which gasoline is condensed. As the result of many analyses, 
the Bureau of Mines finds that natural gas is a mixture in which the 
hydrocarbons of the paraffin series predominate and that small pro- 
portions of nitrogen, carbon dioxide, and water vapor are present. 
In a few samples of natural gas the bureau has found that the carbon 
dioxide may amount to as muidi as 10 per cent; in one sample it 
amoimted to 31 per cent. Another natural gas examined contained 
97.9 per cent of nitrogen, 0.10 per cent of carbon dioxide, and 2 per 
cent of methane. Hence the proportions of carbon dioxide and 
nitrogen may in exceptional samples be large. 

Carbon monoxide, hydrogen, hydrocarbons of the olefin series, or 
other gases that most textbooks state are constituents of natural gas 
are not present. Hydrogen sulphide is found in some natural gas, 

NATT7BAIM3A8 ANAI.TSES HADE BY THE BUBEAtT. 

The results of some natural-gas analyses made by the btureau are 
shown in Table 2, following. They are given to show the variation 
in composition of different samples of natural gas: 

9. hr leU, OtaL Snmr. U14, p. MU. 
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OHEMISIEY Of NATUBAL GAS. 



NOTES. 



^ompJel^l.— The gsB sampled comes bom the fourth Band, which ia 800 feet deep. 
The rock preanire in the well was 300 pounds per square indi. The capacity of the 
well was 3,000 cubic feet of gas per day. 

SampU 1889.— The sample came from the third sand. Five gas wella were tapped 
by the pipe line from which the gas eample wae drawn. The rock preasure at the 
wells was 62 pounds per square inch. 

SampU JS7«.— Collected in Clarion Coimty, Pa., near the town of Mill Creek. 
The sample came from the Bradford or Little Bradford sand, which is 2,100 feet deep. 
The rock preKuie was 850 pounds per square inch and the capacity of the well 3,000,000 
cubic feet a day. This gas contains a higher -percenUge of the heavier paraffin hydro- 
caibons tiian does the gas represented by sample 1871 that cornea from the shallower 
sand. 

Sample 15^.— The sample was collected at well No. 14 of the A. W. Starr htm. 
The gas is from the Speecbley sand. 

Sample 1838.— The sample was collected from the No. 1 well on the J, S. Somer- 
ville farm. The gas comes from the fomth sand. 

SampU 3177. — The sample wae taken from the Collinsville pipe line in the pumping 
st&tion of the Kansas Natural Gas Co. at the north end of the Hogshocter field. This 
line tapped about 40 gas wells. The initial rock pressure of the wells was 490 pounds 
per square inch. At the date of collection of the sample the pressure bad dropped to 
120 pounds. This was one of the few siunplea of natural gas analyzed by the bureau 
that cont^ned only methane as the combustible constituent when the sample came 
from a sand in cloee proximity to sands producing oil. Most gas from the oil r^ions 
contains other paraffin hydrocarbons besides methane, and gas coming from the same 
sand as the oil invariably contains other paraffin hydrocarbons. It is difficult to 
explain the presence of an enormous quantity of methane gas, such as is contained or 
was contained in the Hogshooter pool, in cloee proximity to oil sands. If gas and oil 
were of common origin in the particular region, one would suppose that the H<^shooter 
gas should contain higher members of the paraffin hydrocarbons than methane, as do 
the gases from neighboring oil wells. The phenomenon might be connected in some 
way with the movement of the gas through strata whereby ethane and still hi^er 
paraffin hydrocarbons were separated. 

Sample SI21.~The sample represented a casing-head gas from the Glenn sand. 
It was collected about 2,000 feet east of the railroad station at Kiefer, Okla. 

SampU «W5.— The sample was collected at the Cully well on the Ellis farm. The 
well was 340 feet deep and was drilled in 1903. A lai^e amount of hydrogen sulphide 
was present in the sample. The determination of the hydn^n sulphide was made 
by absorbing the HjS in a standard iodine solution and titrating with a standard 
sodium thioeulpbate solution. Other sulphur compounds may have been present; 
hence the assumption that 2,9 per cent was all HjS may be wrong. The gas pos- 
sessed the odor of HjS. 

SampU tiH. — The sample was obtained in the same locality as sample 2445, but 
from a different well. The well was 280 feet deep. Both wells were drilled in 
1903. The hydrogen sulphide content of this sample is much smaller than that of 
sample 2446. 

SampU 1031.— The sample is claeeified ae a marsh gas in distinction from those 
gases that are found in the oil field and contain appreciable quantities of the higher 
paraffin hydrocarbons. 

SampU 1033. — The sample wae collected at a near-by seepage in the same locality. 
The gas was simply bubbling up through marshy ground. 

SampU J065.— The sample was collected from a slough on the Brown farm. It a^ 
represented a marsh gas. >,' 

SampU lS93.—Tbe sample was collected from 15 oil wells, Noe. 1 to 15, of the Atlan- 
tic R^ning Co. (South Penn Oil Co.). 
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Sample 1066. — The striking feature of thie aomple ie the high percentage of uittogen. 
A well had been drilled and the gtia waa iisuing from it in considei^le quantity. 
For present purpoHea to which natural gas is put, the gas would of couiee be worthlees. 

Sample 1S7S.— The sample waa collected bcaa a. elough about 15 feet in diameter. 
It repreeented what was Beemingly another manh gas. 

The last eight Bamples given in the table wera taken from natural 
gas supplied the city in which the sample was obtained. 

OOHHENTS ON THE ANALYSES. 

It will be observed that the Bamples ranged in heating value from 
724 to 1,657 British tbennal units per cubic foot at 0° C. and 760 mm. 
normal pressure, except one sample wliicb had the abnormally low 
heating value of 21 British thermal units per cubic foot. 

The analytical results show only approximately the quantity of 
the individual hydrocarbons, although the percentages of total par- 
afiBn hydrocarbons are correct. The heating values of the samples, 
as calculated from the analyses, are also correct. A discussion of 
natural-gas analyses is found in Bulletin 42 of the Bureau of Mines." 
The causes of erroneous results that are frequently reported are there 
explained. 

METHOD OF A2f ALTSIB USBD. 

The ascertaining of the exact proportions of the different hydro- 
carbons that may be found in naturt^ gas has long been a stumbling 
block in gas analysis. The ordinary eudiometric method of analysis 
offers Uttle in the way of a complete separation of a natural gas into 
its various constituents. Determination of the total paraffin-hydro- 
carbon content, with an approximate detennination of the individual 
paraffins present, has been the only end attained. The Bureau of 
Mines in working on this problem succeeded in separating a natural 
gas into its individual paraffins by means of fractional distillation 
at low temperatures. Natural gas was first hquefied by means of 
liquid air, and then separated into its constituents by fractionation 
in vacuum at different temperatures. 

Tbe results of a complete analysis, including the quantity of each 
paraffin hydrocarbon found by the above method follow. For com- 
parison, the results of an eucQometric analysis of the natural gas of 
Fittsbuigh are also included. 

ATta^tiatl retutU obtaiiud by two me^utdi. 
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lacluded in the nitrogen content of the above analyses is 0.03 per 
cent of carbon dioxide present in the natural gas. The natural gas 
supplied to Pittsburgh can not be used for the commercial production 
of gasoline, although it contains sufficient of the higher paraffin hydro- 
carbons, the butanes, pentanes, and hexanes, to produce some con- 
densation (drip) in the pipe lines in the winter time. These hydro- 
carbons are present in small quantity, as shown by fractionation 
experiments conducted by the bureau. It is only because of the 
immense volume of gas passing through the lines that appreciable 
condensation of vapor occurs. 

A "wet" natural gas from which gasoline is obtained commer- 
cially was also subjected to fractionation." The results follow: 

Par cent. 

Methane 36.8 

Etliane 32. 6 

Propane 2L 1 

Butanes, pentanes, hesanee, etc 8.5 

Total, including 1.00 per cent nitn^en and 0.03 per cent carbon 
dioxide 100.0 

PBOPEBTIES OF TOE FABAETIN HYDBOOAHBONS. 

The properties of those hydrocarbons of the paraffin series that 
concern the gasoline industry are pven below: 

Propertte* o/ttven paraffin hydrocarhotu. 
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Methane, ethane, propane, and butane, as shown by the above 
table, are gases under ordinary atmospheric conditions. Fentane, 
hexane, and heptane are hquids and are the chief constituents of 
ordinary refinery gasoUne. Of the four gases mentioned, methane is 
the most difficult to liquefy. At any temperature below —160" C. 
it becomes liquid when its pressure is 1 atmosphere. The boiling 
point of the hquid is — 160** C. Above — 160° C. greater pressures 
are necessary to liquefy methane, until at a temperature of —95,6° 
C. a pressure of 736 pounds per square inch is required. These two 
values are the critical temperature and the critical pressure, respec- 
tively, for methane. No matter what the pressure applied to the gas 
methane, it can not be liquefied at a temperature higher than — 95.5° 
C. The above general statement holds true for all gases. They can 
be hquefied at atmospheric pressure if the temperature is lowered 
sufficiently, but great pressure will not accomplish the liquefac- 
tion until the critical temperature is reached. Ethane (critical tem- 
perature, 35** C; critical pressure, 664 pounds per square inch), it 
will be observed, is more easily hquefied and in the liquid condition 
has a higher boiling point { — 93° C.) than methane. 

Propane (critical temperature, 97° C; critical pressure, 647 pounds 
per square inch) is more easily hquefied than methane or ethane. 

Butane, the critical constants of which have not been determined, 
must be still more easily hquefied than the three already mentioned, 
because in the hquid condition it boils at 1° C. 

OCCTJBBENCE OF GASOMNB IN CASING^HEA1> GAS. 

When a gas bubbles through or comes in contact with a liquid, it 
takes up and carries aloi^ vapor or minute particles from that liquid. 
The proportion of vapor increases as the temperature rises, and is 
quite independent of the nature of the gas as loi^ as no chemical 
action takes place. When a natural gas in the earth comes in con- 
tact with petroleum, those fractions of the petroleum havii^ the lower 
boihng points are principally taken up, inasmuch as their vapor pres- 
sures are much higher than those of the other fractions. If the well 
is imder rediiced pressure, products with higher boiling points will 
also be removed in the gas. The vapors are carried with the gases 
mentioned, in the same manner that water vapor exists in air. 

At any particular temperature a fixed quantity of water vapor 
will be found in the atmosphere if the latter has reached complete 
saturation, a condition that seldom prevails. Usually a limited sup- 
ply of water has been encountered by the air, and the atmosphere 
is spoken of as having a certain relative humidity, meaning that 
the saturation is incomplete at the existing temperature, or that mora 
water vapor could exist in the air were a source of moisture avail- 
able. In a similar manner gases in an oil well mix with heavy 
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hydrocarbon vapors. The amount of Taper carried will depend on 
the temperature and pressure existing in the earth, on the readiness 
with which tiie vapors can be obtained, and on the gasoline content 
of the crude oil in the well. A certain maximum quantity of the 
heavy vapors will issue with the gases from a well under given 
conditions of temperature and pressure. The intimateness of contact 
between the oil and the gaa is an important factor. The maximum 
contentj or condition of complete saturation, is probably by no means 
generally prevalent. The porosity or closeness of the strata, the 
depth of the well, and the rapid expansion of the gaa from the casing 
head cause variations in the temperatiu-e of the gas. The pronounced 
tempOTature eflfects, of course, appreciably change the capacity of 
the gas to hold gasoline vapor. Such rapid expansion of gas from a 
casing head may occur as to cause a heavy condensation of vapor at 
the casing head, owing to a lowering of the temperature of the gas. 

At some operations, wells have been under reduced pressure for a 
long time, so long, in fact, that only small quantities of the four per- 
manent gases already mentioned are left in the strata. Under such 
conditions the mixture that comes from the well may consist almost 
wholly of vapors of the liquid hydrocarbons, unless air has been drawn 
into 1^ strata, owing to the reduced pressure. 

BBI^TION OF OHABAOTBB OF OILS IN THB SAND. 

The yield of gasoline from natural gas is lai^ly determined by the 
proportion of tho vapor of the liquid parafhns in the gas mixture. 
Therefore the character of the oils in a sand is of importance. 

Crude oil (petroleum) is a mixture of closely related complex hydro- 
carbons and of variotia other oi^anic substances. There are many 
different compounds (isomers) corresponding to a particular molecular 
we^ht, and tiie boUii^ points of these isomers he so closely togethw 
that thw* separation by fractional distillation is impossible. The 
Uquid hydrocarbons that mainly concern the gasoline indxistry are 
the petanes, hexanes, and heptanes. However, small quantities of 
even higher homologues are undoubtedly obtained. 

Some information as to the gasoline content of a natural gas can 
be gained by determining the proportion of %ht constituents in the 
oil with which the gas is associated. 

Many investigations have shown that the gasoline constituents for 
many oils range from zero to 30 or more per cent of the total volume 
of the oil. Consequently, many oils are so heavy and their vapor 
pressings so low at existing earth temperatiu'es that the proportion of 
vapors to be derived from them is too small to warrant the installation 
of a plant. 

The table following shows the vapor pressures of the hquid parafSn 
hydrocarbons at various temperatures. ■-' 
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Vapor preuura artd boiling poijUi of the liquid paraffin hydrooarbo-m. 
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From the table it may be inferred that the chief Uquid constitueats 
of gasohne made from natural gas are the pentanes and the hesanes 
as their vapor pressures at any temperature are far greater than 
those of the other liquid hydrocarbons. 

BFTEOT OF FBESBTJUE AITD TE]a>ESA.T17IlS ON OASES IS THE 



Natural g^es in the oil fields of the United States are principally 
mixtures of methane, ethane, propane, and butane. Methane is 
always present in a well in the gaseous condition. Ethane becomes 
a Uquid at a temperature of 35° C. under a pressure of 664 pounds to 
the square inch. Hence if a natiu-al gas comisted of ethane only and 
waa subjected to a pressure in the earth greater than 664 pounds, it 
would be in the hquid condition. 

The authors have no evidence that ethane occurs in anywhere near 
the jmre condition in the earth. As the proportion of ethane in a 
mixtm^ decreases, there is required a proportionally greater pressure 
than 664 pounds to hquefy it. If a sample contained 50 per cent 
ethane and 50 per cent methane, there would be required a pressure 
of at least twice 664 pounds, or 1,328 pounds, to Uquefy the ethane 
at 35° C, and to liquefy the methane a pressure of at least twice 735 
pounds, or 1,470 pounds, at —95.5° C. Moreover, a temperature of 
— 95.5° C. is far below that prevailing in oil and gas sands. A 
pressure of 1,328 pounds per square inch is probably unknown in the 
gas fields, but pressures as high as 800 to 1 ,000 pounds have been 
measured. Propane and butane are each more easily liquefied than 
ethane. 

The critical temperature of propane is 97° C, and its critical 
pressure is 647 pounck per square inch. According to analyses made 
by the authors the amount of propane in most natural gases is less 
than that of ethane, so pressures sufficient for its hquefaction do not 
exist in the sands penetrated by wells. 

The natural gas of Pittsburgh, according to Hquefaction experi- 
ments made by the authors, contains about 84.7 per cent methane, 
9.4 per cent ethane, 3.0 per cent propane, 1.3 per cent butane, (chiefly). 
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and 1 .6 p«r cent mtrogen. To liquefy the methane in this mixture at a 

temperature of — 95,6° C, would require a pressure of at least ( 0^7 ) 

735, or 868 pounds. To liquefy the ethane at 35° C. there would be 

required a pressure of ( -^ j 664, or 7,064 poimds, and to hquefy the 

propane at 22° C. there would be required a pressure of ( -^-^ j 132.3, 

or 4,410 pounds. It will be noted that the critical temperature of 
methane is so low that under no condition cotdd one conceive of its 
beii^ liquefied in the earth. The critical temperature of ethane is 
a temperature that prevails in some rock 3tra,ta, but the amount of 
ethane present in natural gas is invariably so small that pressures 
much higher than those found in rock strata would be required to 
hquefy the ethane. 

As the temperature of a gas is lowered from its critical temperar 
ture, less pressure is.required to liquefy it until finally at a certain 
temperature it becomes liquid at ordinary pressures. Propane has 
a critical temperatiu^ of 97° C. This temperature is higher than that 
ordinarily found in the sands of oil or gas fields, where a thermal 
gradient of 1° C, for each 60 or 70 feet of depth may be assumed. 
The temperature has to be -45° C. at ordinary pressures, however, 
for liquefaction to occur. Such a temperature is much lower than 
rock-strata temperatures. At 22" C. there is required a pressure of 
4,410 pounds. 

It follows that temperatures found in rock strata are not low 
enough, that rock pressures are not high enough, and that the amount 
of propane in natural gases is too small to allow the existence of 
hquid propane in the sands penetrated by wells. 

Butane gas becomes liquid at 1.° C. at a pressure of 1 atmosphere. 
Its critical constants have not been determined, so far as the authors 
are aware. Its liquefaction point at ordinary pressures (15 pounds 
per square inch) is much closer to normal temperature than the 
liquefaction points of tiie three paraffin hydrocarbon gases already 
mentioned. Hence, if it constituted the whole of a natural gas, 
one could easily conceive that it woiUd occur in the earth in the 
liquid condition. But in many natural-gas mixtures it appears to be 
present in even less amount than the other three gases. In Pitts- 
burgh natural gas it is present in a proportion equal to about 1.3 per 
cent. With this quantity present, it would require a pressure of 
1,077 pounds per square inch at 1° C. for Hquef action. At the higher 
temperatures of gas sands greater pressures would be required. If 
present to the extent of 20 per cent there would be required a pressure 
of 75 pounds at 1° C, and if it constituted 50 per cent of a gas a 
pressure of 30 poimds would be required. Gases that are used for 

67868'— Bl 
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the condensation of gasoline usually issue from the eurth either under 
reduced pressure, atmospheric pressure, or juat above atmospheric 
pressure. In exceptional instances the pressure may be 50 or even 
100 poimds, but at most plants the ^as used issues from the wells 
under reduced pressure. In those gases that are used for gasoline 
condensation, butane, and also propane and ethane, are found to be 
present in greater proportions than in the so-called " dry " gases that 
issue under much pressure and are so lai^ely used for heating and 
lighting towns. The authors believe that butane may be present in 
the "wet" gases to the extent of 10 per cent. Hence one can con- 
ceive that the amount of butane may be high enough, also the rock 
pressures high enough and the earth temperature low enough, so that 
in some sands butane may be present in the hquid condition. But 
if reduced pressures prevail in wells, as in most wells used for gasoline 
condensation, the rock pressures are usually too low, even if the 
partial pressure of the butane in Uie gas mixture is high, to permit 
Hquef action to take place. 

In summarizing, one may say that at those wells from which gas 
is drawn for gasoline condensation, the three gases, methane, ethane, 
and propane, invariably occur in the earth in the gaseous condition. 
Butane probably occurs as a gas in some places, but in others it 
is present as a iiquid. 

The question has been raised frequently as to whether natural gases 
are not accumulated as hquids in the underground reservoirs. If 
such were the case it would be possible for a single, comparatively 
small subterranean reservoir to yield for many years much lai^er 
quantities of gas than such reservoirs do yield. 

As regards Fittsbui^h natural gas and otiier similar gases that issue 
under considerable pressure from strata, none of the gaseous oon- 
stituents present is liquid in the earth. However, where gases are 
associated with petroleum in the same strata, under heavy pressures, 
there is considerable solution of the gases in the oil. The natural 
gas used in Pittsburgh is not associated with oil in tJie earth. 

TESTING NATURAL GASES FOR GASOUNE CONTENT. 

Before plants are erected for the purpose of extracting gasoline 
from natural gas the yield and quality of the gas should be 
thoroughly investigated. Also of much importance is the marketing 
of the gasoline. 

CLASSIFICATION OF EINSS OF HATTTBAL GAS. 

As stated before, as r^ards the making of gasoline, natural gas 
is popularly classified in two divisions — "wet" gas and "dfj" gas. 
This classification has come largely into general use with the develop- 
ment of the gasoline industry. Between tiie two classes there is no 
sharp line of demarcation. 
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"DET" natural QA8. 

Some natural gas contains only methane as the combostihle con- 
stituent and according to the above classification may be considered 
the driest of natural gases. This kind of gas is rare in the oil fields, 
but is common in gas fields, or in marshy districts imassociated with 
oiL The Hogshooter pool of Oklahoma, according to tests made by 
the bureau, produces a natural gas that contains methane as the 
only combustdble constituent. 

This kind of gas is found in States or districis in which oU has 
never been foimd. Incidentally it might be mentioned that the 
occurrence of such gas naturally escaping from the surface of the earth 
affords some proof of the nonexistence of oil. However, the indication 
is not infalUble, because some natural gas that contains only methane 
as the combustible constituent is found in the oil fields. This gas 
comes from sands that do not bear oil. 

The next grade in the transition of "dry" to "wet" gas may be 
considered that at present obtained from the Appalachian oil fields 
and used in Pitt«bui^, Pa., and other cities. This natural gas 
issues under considerable pressure from wells in or near the oil fields. 
It has varied little in composition from the figures given on page 24 
for the three years that the Bureau of Mines has been testing it. 
Air has never been detected in the samples tested. Many wells are 
abandoned yearly by tiie company that furnishes the city the supply, 
and new weUs are drawn upon, the wells being abandoned when the 
rock pressure becomes so low as to be insufficient to assist in forcing 
the gas to Pittsbui^h and other points of consumption, or when the 
yield becomes too small even with the gas pumps that are used. In 
composition this gas is typical of the natm-al gas supplied to many 
cities. AH of the ingredients present are gases at ordinary tem^ 
peratures. Traces of butane and even of higher paraffin hydro- 
carbons are present — enough because of the many thousands of cubic 
feet of gas transported daily, especially in the winter time, to cause 
some condensation of vapors or drip, in the pipe lines. This gas has 
been said to pass at the rate of a mile a minute through mains con- 
necting the wells to Pittsburgh. The drip is not sufficient to indicate 
that the gas is of value for gasoline extraction. 

"wet" NATURAL GAS. 

As to the so-called "wet" gas, or that from which gasoline can be 
■ extracted in quantity sufficient to warrant the installation of a plant, 
the proper testing of such gas in order to determine its gasoline 
content is of much importance. In the early days of the gasoline 
industry some failures of plants to fulfill ezpectatiom were due to 
inadequate testing of the gaa before the coostmction of the plant had 
begun. 
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KBTHODS AXTD EQUIFXEHT VSED IK TESTS. 

At present, tests have become better standardized, and Uiere ^ 
scarcely any excuse for the failure of a p]ant because of inadequate 
preliminary tests. By itself, the ordinary eudiometric analysis is of 
little value for determining the gasoline content of natural gas. 
Moreover, it is extremely difficult to make, and the authors are safe 
in saying that a gas analyst must have had experience in refined 
analytical methods before he can make a satisfactory analysis of 
natural gas, especially of "wet" gas. In addition, the ordinary gas- 
analysis determination informs one only of the two predominating 
paraffins present but gives sli^t knowledge of the quantity of 
gasoline vapors. Early in the history of the industry, gas analysts 
turned tiieir attention to other more easily conducted and more 
definite tests. Those laboratory methods adopted and at present in 
chief use have to do with solubility and specific-gravity tests. 

SOLTJBnJTT TESTS. 

Natural gases are soluble in various solvents, such as alcohol, claro- 
line oil, ohve oil, kerosene, sperm oil, and rape-seed oil, in propor^ons 
depending upon the amount of higher paraffin hydrocarbons present 
in the gas mixture. All of the solvents mentioned have been used. 
F. P. Peterson, of Tulsa, Okla., informed the authors that he found 
it expedient to use claroline oil. 



The Biu-eau of Mines methods of testii^ are described in Bulletin 42 " 
of the bureau. In using claroline oil the following procedure is 
adopted: 35 c. c. of the oil is placed over mercury in an ordinary 
Hempel gas pipette, and 100 c. c. of the natural gas to be tested is 
shaken with the oil until no further absorption of the gas mixture 
occurs. It was found that many natural gases from which gasoline 
is at present commercially obtained were soluble in the oil to the 
extent of 30 to 86 per cent of their volume. 

In figure 1 is shown a gas-analysis apparatus for determining the 
solubihty of natural gas in claroline oil or alcohol. It consists of a 
measuring burette, e, havii^ a capacity of 100 c. c, and an absorption 
pipette, c. It is provided at the top with a three-way T stopcock, d, 
so that communication can be made between the burette and outside 
air, or between the burette and the pipette. Water is used in the 
burette and mercury in the pipette. To begin an analysis, 35 c. c. of 
claroline oil or 50 c, c. of alcohol is placed in the pipette c over the 

' Bnrrdl, G. A., Tlu nmpUng and «i»aln»t1iin of mfaugucs and utar^gas, 1S13, tU pp., Ipb., 
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mercury. A 100-c. c. part of the gas sample is then drawn into the 
burette, measured, and forced into the pipette c. The pipette c is 
shaken for ahout three minutes to thoroughly mix the oil or alcohol 
and gas. The gas is then transferred to the burette and measured, 
and the loss in volume is noted. The gas is again passed into the 
pipette and the shaking operation repeated. Finally the gas is 




measured again in the burette. The first and second readings should 
agree within 0.50 per cent. If they do not, the operation should be 
repeated until the bm-ette readings become constant. 

Below are given tables showing the solubility of natural gas and of 
metliane and ethane in different oils. A 35-c. c. sample of the oil was 
shaken with 100 c. c. of the gas until absorption of gas by the oil 

■ooglc 
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It was possible to check the above detennmations within 0.50 per 
cent. Considerable uniformity as regards the solubiUty of the natural 
gas in the different oils will be noticed. The claroline oil used had the 
following characteristics^ as determined by I. C. Allen, chemist of the 
biu^au: 

Charaetaittia ofclamUnt oil. < 

Specific gmvity 0. 8867 at 15" C. 

Viscosity 4. 4" Engler at 20" C. 

Flttsh point 152° C, Fensky-Martens closed test. 

Ignition point 270" C.,Peijaky-Miirt«nH clewed test. 

Solvhility of pure Tnethane in claroline and coUonteedoiit. 
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The solubility of pure ethane in claroline oil, as determined by 
the authors, was 68.5 per cent. 



The Bureau of Mines has used ethyl alcohol in much the same man- 
ner that claroline oil is used for testing natural gas. Instead of 
35 c. 0. of the claroline oil, 50 c. c. of ethyl alcohol may be used. The 
procedure otherwise is exactly the same. The results obtained with 
alcohol are similar to those with claroline oil. 



In iigure 2 is shown an Orsat apparatus for the determination of 
carbon dioxide and oxygen in natural gas. The Orsat apparatus is 
so weU known that it needs little description. It is sufficient to say 
that the burette has a capacity of 100 c. c. The pipette h contains 
caustic potash solution for the removal of carbon <^oxide, and the 
pipette a contains alkaline pyrogallate solution for the removal of 
oxygen. The figure (fig. 2) shows the level bottle of the burette, 
Uie water jacket, and a three-way stopcock, c. This apparatus may 
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be used to advantage for 
exajniniitg oatural gases 
to determine whether air 
has leaked into mains, 
owing to the reduced 
pressures that are main- 
tained in pipe lines at 
some gasoline plants. 

spBCiFic-GBAVrrr tests. 

Natural gas may vary 
in specific gravity from 
about 0.56 (air= 1) to as 
much as 1.65, or from a 
gas containing methane 
only as the paraffin hy- 
drocarbon in proportions 
approaching 99 per cent 
or more of the total to an 
extremely "wet" gas, 
from which gasoline in 
quantities up to 4 or 5 
gallons per 1,000 cubic 
feet can be obtained. 
Specific-gravity tests 
may be made either by 
weighing the gas in a 
small glass vessel or by 
means of Bunsen's effu- 
sionmathoj. The weigh- 
ing method is the more 
accurat^^ The following 
procedure is adopted by 
the Bureau of Mines: 

A 100-c. c. glass globe, 
equipped with a stop- 
cock, is exhausted of its 
contained air, thoroughly 
dried,andweighed. Nat- 
uralgas is then introduced 
and a second weighing 
made. This weight as 
compared to that of an 
equal volume of air at 
the same temperature 
gives the specific gravity. 
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ETFUaiON HCIHOD. 



In using the Bunseu effusion method, specific gravities are deter- 
mined by noting the rate at which a certain volume of the gas passes 
throu^ a small orifice. The rate at which 
a like volume of air passes through the 
orifice is also determined. The specific 
gravities of the natin-al gas and air are then 
in inverse ratio to the squares of the rates 
of effusion. 

Some natural gas contains a large per- 
centage of carbon dioxide. This is a heavy 
gas, having a specific gravity of 1.63 
(air«- 1). K it happened to be present in 
a natural gas mixture and a test were not 
made for it, an experimenter might be mis- 
_^T led into befieving that the gas was heavy, 
because of paraffin hydrocarbons present. 

Many samples of natural gas contain 
large percentages of nitrogen. In an ex- 
treme instance the bureau found that a 
natural gas issuing from the earth in the 
State of Washington contained 98.6 per 
cent of nitrogen. Proportions of nitrogen 
as high as 10 per cent in natural gas are not 
uncommon. The specific gravity of nitro- 
gen is 0,97. If much nitrogen were pres- 
ent an investigator might be misled by the 
specific-gravity test in that the test would 
not show the specific gravity of the par- 
affin hydrocarboQS but the specific gravity 
of the entire mixture, which depends in 
part upon the content of nitrogen or car- 
bon dioxide, or both. 




CONCTRDCnON AND USK OF SCHILLIKO TTPE OP 



The authors have used the particular type 
of apparatus known as the Schilling (fig. 3) 
for the specific-gravity determination. It 
consists of a glass jar, 6, with a metal top 
FiaoBB 3.— Appvatiis roi determiu. into which fits a brass colunm having sus- 
ing speouo gmvity of ga.- pended from its base a long graduated tube, 
a, and at its top a cock, c, and a groimd-joint socket, d, into which seta 
a socket holding a small glass tip, e, closed at the top with a thia piece 
of platinum,/. In this platinum is a minute hole to permit the pas- 
sage of gas or air at a very slow rate. All metal parts are nickeled. 
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The mode of operation is as follows: The glass jar is filled with 
"wrater to the top graduation of the tube or to a point a little aboYe it. 
The tube ia then withdrawn so that it may be filled with air. The cock 
on the standard is then closed and the tube replaced in the jar. The 
cock is then opened and with a stop watch the time is taken that 
elapses while the water passes from the lowest graduation to the 
graduation above. The tube is then withdrawn and filled with gaa 
and the procedure repeated . 

The specific gravity, air ^ 

being 1, is obtained hy f 1 
dividing the gas time V " — 

squared by the air time V 

squared. Thus, if A repre- 
sents the time gas requires 
to pass throu^ the orifice, 
and B represents the time 
air requires to pass through 
the orifice, the specific 
gravity of the gas will be 

represented by (n). 

TTSE OF THE PITOT TUBE 
FOB UEASITBINO THE 
OPEN PLOW OF OAS 
VELLS. 

The quantity of natural 
gas that is dischai^ed from 
a well is usually measured 
by means of a Pitot tube. 
(Fig, 4.) This instrument 
directly measures the veloc- 
ity of the gas flow. In its 
most accurate form it con- 
sists essentially of two parts, 
first a tube pointmg up- 
stream for measuring the p,^^^ 
dynamic pressure and sec- 
ond a means of detannining the static pressure. Two pressures are 
thus obtained. Their difference as read on a U gage gives the velocity 
or impact pressure of the flowing gas. 

As ordinarily used for field work the static pressure of the gas flow 
is not obtained, the instrument consisting simply of a sm^ tube, 
which is inserted in the flowing gas (a, fig. 4), just inside the pipe or 
tubing, a distance of one-fourth to one-third of the pipe's diameter 
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from the outer edge. The plaae of the opening in the tube is held at 
right angles to the flowing gas. At a convenient distance, vu^ing 
from 1 to 2 feet, a U-^aped gage (fig. 4) is attached to the other end, 
which is usually half filled with water. If the gas pressure is high 
enough to force the water out of the tube, mercury is used, and for 
pressures that are so great that mercury can not be used, a spring 
gage is attached. A scale graduated from the center in tenths of 1 
inch is placed between the two limbs of the U gage. The distance 
above and below this center line at which the liquid stands in the gf^e 
should be added, the object being to determine the exact distance 
between the high and the low side of the fluid in inches and tenths. 

The top joint of tubing or casing should be free from fittings for a 
distance of 10 feet below the mouth of the well where the test is made. 
The test should not be made in a collar or gate or at the mouth of 
any fitting. The well should be blown off at least three hoars prior to 
making the test, and in some cases as much as 24 hours should 
be allowed. After the velocity pressure of the gas flowing from 
the well tubing has been determined in inches of water, inches of 
mercury, or pounds per square inch as outlined above, the corre- 
sponding rate of flow may be ascertained from Table 3, a table pre- 
pared by F. H. Oliphant " and presented below. The quantities of 
gas stated in the table are based on a pressure of 14.65 pounds per 
square inch absolute, and a flowing temperature of 60" F., for a gas 
having a specific gravity of 0,60 (air= 1). If the specific gravity of 
the gas is other than 0.6 the flow should be multiplied by 



0.6 



V specific gravity of gas. 
For flowii^ temperatiu-es above and below 60° F., 1 per cent should 
be deducted or added for each 10 degrees. 

a Baa Wauott, H. P., Handbook <Dliiitntil gu, 1»I3, pp. lOS-KK. 
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Taslb 3. — Table to bt tuedin toting gat vieUt with Pilot tube. 
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UuJHpUertfar pipe diametera other cAon given in Table 3. 

|At^]; One mult^Uer to tb« flguiM given In Tabl* 3 for l-inch htblng.) 
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For the most accurate measurements by means of the Pitot tube 
a device is attached for recording static pressures (fig. 5). Accord- 




ing to KoTTse " the piezometer or its equivalent is the most reliable 
means of obtuning the static pressure. This device embraces a 
pipe with a few very small circular holes in it, so combined with a 
larger pipe as to leave an amiular space between them (fig. 5). This 
annular space is closed at the outer end, the other being connected 
to one end of the gage glass by means of a rubber tube. The other 
end of the ga^ glass is so connected to the Pitot tube as to g^ve the 
dynamic pressm-e. The difference between the two pressures (the 
velocity head) is read on the gage glass. 

'. Am. Sw. UflCli. Eng., vol. W, Saptembtc, UU, 
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FOBHCLA FOB ACOUBATE DBTEBHINATIONS. 

The following data are ^ven here in order to show the derivation 
of a formula for use in more accurately determining the flow of gas 
through a pipe than by means of the table given on page 38. 

According to the well-known formula, 



where A=vel(Kdty head in feet of gas. 

W=weight of wat« m pounds per cubic indi. 
H—velocity head in inches of water. 
X=weight of a cubic foot of gaa. 

Then when h is known the velocity of gas (in feet per second) ia 
given by tihe formula, 

Multiplying through by A, 

AV-A^j2^ (1) 
Then 

Q=60Ax8.01ftVK" (') 
where 

A=velocity head in feet of gae. 

9=acceleiation of gravity— 32.16 feet per second. 

A=crafi)-0ectional area, in square feet, of the pipe from whidi the gas is flowing. 

Q=quaiLtity of gasincubic feet per minute. 

Substituting in S the value of h we have : 

Q=60AX8.019X-y'^^ *** 
=60Ax8.01BX12y-^ 

As 

X—apeciflc gravity of gas times the weight of 1 cubic foot of air, 

therefore 



Q_60XAX8.019X12y^.gjj|.^j^^yjjj^j^j^^j^^gp^jg^g^^jy^jg^ 



= {6773.e8)A. 



v=; 



tight of 1 cubic foot of airXspecific gravity of gas. 



The latter equation is rather similar to that used by Rowse." It 
requires the determination of the following values: The specific 
gravity of the gas at a certain temperature and pressure; the weight 
of a cubic foot of air under the same conditions; the weight of water 
in pounds per cubic foot at the same temperature; the determina- 
tion of the differences in inches of the water levels in the gage glass, 
and the cross-sectional area, in square feet, of the pipe from whldi the 
gas is flowing. 

■ Bowio,W.C.,iq>.oit.,p. 1373; L>llO0|C 
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In figure 6 are shown the weighta of 1 cubic foot of air at various 
temperatures, with a constant pressure of 30 inches of mercury." 

In figure 7 are shown the weights of water, in pounds per cubic ijtch, 
at different temperatures.* 

Below are tabulated the cross-sectional areas of pipes of various 
diameters: 

Oro*»-sed,wnal areai o/jnpei of different diameteri. 
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BXAJfPLBS BBOWINS AOCUBACr OF FOBUDIiA. 

The authors have worked out the following examples in order to 
show the variation in the results from using the more accutate 
formiila given on page 41, as compared with the results obtained by 
using the table given on page 39. 

EXAUFLZ 1. 

Suppose Ihe atmoepberic preesurB to be 14.65 pounds per equare inch, tiie tempera- 
ture 60° F., ttie Httter-^Bge reading 2 inches, tlie diameter of the pipe 6 indies, and 
Hie specific gravity of the gas 0.60. 

From llie formula 

Q=(5773.68)AY^^^|. ^ ^ ^^^ ^^^ of airXspeinflc gravity of gas. 

From figure 7 the we^t of water (W) in poimda per cubic indi at 60° F, is found, 
and from figure 6 the wei^t of 1 cubic toot of air at 60° F. and 14.65 pounds per square 
inch is determined. 

From the table above the area (A) in cubic feet for a 6-inch pipe is found. E, 
the inches of water, is read from the gage. 

SubstitutioD of these values gives: 



Q=5773.68X0.1863- 



/0.03608X2 

VoiOT 



0.0761X0.6 

=1428.17 cubic feet per minute, 
or 2,056,564 cubic feet of gas in 24 hours. 

Ufdng the same data but referring them to the approximate values given in the table 
on page 39, one finds the quantity of gas to be 2,103,185 cubic feet in 24 hours. The 
difierence is 46,621 cubic feet, or 2,3 per cent of the first value. 

EXAJCPLB 2. 

Suppose a water^age reading of 0.3 inch on a 6-inch pipe at 60° F. and 14.65 pounds 
per square inch, the specific gravity of the gas being 0.6. Proceeding as in the first 
example, according to the formula: 

Qs-555.4 cubic feet of gas per minutd. 
=799,800 cubic feet per 24 hours. C ,^, iolr 

By referring the given data to the table on page 39 one obtains a leoolt of 740,448 
cubic feet. The difierence is 59,352 cubic feet, or 7.4 per cent of the first value. 
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EXAHFLB 3. 

Suppoee a WBt«r-gage reading of 0.3 inch on a l-inch pipe at 60° F. and 14.65 pounds 
per square inch, the specific gravity of the gas heing 0.60. 

From the table on page 39 the cubic feet of gas per 24 hours is found to be 20,568. If 
the more exact formula be used, the quantity of natural gas per 24 houra is found to be 
21,824. The difference is 1,256, or 5.8 per cent. 

These three examples mil serve to show the errors inTolved in gas 
measurement by means of the Pitot tube when the static pressure of 
the gas is not measured. As regards the measurement of a gas flow on a 
lease for the purpose of determinmg 
the quantity available for gasoUne 
making, the use of the more simple 
form of Pitot tube appears to be 
satisfactory. 

QENBEAL COMMENTS ON USE OF 
PITOT TUBE. 

The Pitot tube proves most satis- 
factory when an especially designed 
instrument is permanently installed. 
It can then be made an instrument 
of considerable precision. The use 
of the accurate form described by 
the authors is not advisable for field 
w<M-k, unless a device is attached 
whereby the tube can be rigidly held 
in place when the readings are made. 
Rowse " sums up his experimenta 
by saying that the results obtained 
Fianas 7.~we[ghta of water at diflerent tsm- in measuring gases by an ab8olut«ly 
pe«.ta™,pomid. per cubte Inch. corroct Pltot tube may vary 1 per 

cent, more or less, from the correct results when the static pressure 
is correctly obtained and when all readings are taken with a reason- 
able degree of refinement. 

NBCBSSITT OF ALLOWING A WELL TO VENT FREELY BEFOKB PITOT- 
TUBE READINGS ABE MADE. 

The authors know of a gasoline plant that failed because the gas 
flow fnan a well was not accurately measured before the plant 
equipment had been installed. Many wells on the lease had been 
open for some time and did not produce enough gas to warrant the 
installation of a plant. One weU that had been closed, on measure- 
ment with the Pitot tube, registered a flow of gas of 200,000 cubic 
feet per 24 hours. A plant was installed against the advice of the 

• BowM, W. C., op. dt., p. 13U. 
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company that sold the machineiy and without its knowlei^e of 
the true condition of affairs. After the first day's operation of the 
plant thete was not enough gas left to run the gas engine, and finally 
the flow practically stopped. The plant, which had cost S7,000, 
was a failure. This example illustrates lh.e necessity of allowing 
wells to vent their gases freely before measurements are made, so 
that the operator may be assured that the quantity measured repre- 
sents the quantity that will be available for operation of a gasoline 
plant. Some wells should be open for at least 24 hours before their 
flow is measured. 

In the rush to install gasoline plante in the early days of the 
industry operators made great blunders. The authors know of 
one plant that was installed to work upon gas ih&t had not been 
tested as to quality. The gas proved to be "dry" and the plant was 
a failure, llie atithors have heard of other similar mistakes. 

INTBBPBBTATIOK OP aKSUI/TB OF TESTS. 

Considerable experimenting with plant operation on a lai^e scale 
was necessary before results could be obtained from laboratory tests 
that could be used as a guide in making plant installations. The 
Bureau of Mines and different testing laboratories have at present 
records of the absorption results, specific gravities, and analyses of 
different natural gases from which gasoline is commercially produced. 
Reference is made to those results in the examination of new samples. 

Many experiments have shown that gasoline may be obtained from 
natural gas having a specific gravity of 0,80 and higher (air=l). 
Some inconsistencies have been noted, however, so that the authors 
would hesitate to recommend the installation of a plant to handle a gas 
that tests showed to haveaspecificgravity aslowasO.SOortohavean 
absorption percentage of 30.0 (Bureau of Mines test), although the 
gas might be all right for the purpose, especially if it were from wells 
in a field where other gases of low specific gravity were already pro- 
ducing gasoline. The authors do beUeve, however, that a gas with 
ft tested specific gravity as high as 0.95 and an absorption percentage 
as high as 40 might warrant an installation. 

Natural gases differ much in composition. A so-called "wet" gas 
might, for instance, contain a very lai^e proportion of methane, with 
Uttle ethane, propane, or butane, but enough of the gasoUne hydro- 
carbons to warrant a plant Installation. Such a gas when subjected 
to comparatively low pressures would deposit the gasoline vapors. 
Another gas of the same specific gravity might contain a compara- 
tiyely small proportion of methane and ethane and a large proportion 
of propane and butane, but not enough of the gasoline hydrocarbons 
to warrant plant installation. Therein hes the reason why specific- 
gravity, solubility, or combustion tests can not always be relied on. 

07888°— BuU. 88—16 i 



46 CONDENSATION OP QA80LINB PHOM NATURAL GAS. 

As regards a natural gas of low specific gravity and low absorption 
percentage (known as a "lean" gas), the safest recourse is to test by 
means of a portable outfit consisting of a gas meter, small gas engine, 
compressor, cooling coils, and receiTer. Such an outfit can be hauled 
from place to place on a wagon. This method is in all cases to be 
recommended as havit^ distinct advantages over laboratory tests. 
However, it is true that testa made with the portable outfit may be 
misleading unless in charge of a careful and experienced person. 

The authors have also used a small stationary outfit consisting of 
a meter with a capacity of 15,000 cubic feet per 24 hours, a small 
compressor, driven by a steam en^e, 100-foot cooling coUs made of 
1-inch pipe, immersed in a tank of water, and a storage tank 5 feet 
high made of a 6-inch piece of pipe. To the latter was attached a 
relief valve which could be set to operate at the desired pressure. A 
trap was installed between the compressor and the cooling coils to 
catch oil that was sometimes brought from the wells with the gas, , 
A glass gage was connected to the stores tank to indicate the volume 
of condensate produced. 

In conducting tests of a gasoline plant the plant is first operated 
for an hour or two to insure that everything is working well. The 
meter and all pressure g^es must be in good order. The cooling coils 
should dip enough to drain readily the gasoline into the storage tank. 
The efficiency of the cooling coils can be ascertained fairly well by 
measuring the temperature at different places in the water of the 
tank. At the point where the coil enters the water it will be hot 
enough to warm the water appreciably, but if the tank is large and 
a sufficient length of pipe for cooling purposes is installed this warm- 
ing of water is only local. 

There follows a form used by the authors in testing wells op. a given 
lease. The data shown represent an actual "plant" test: 

Date, March 7, 191S. 

Number of wellB, 4- 

Tempemture of gaa at meter, 58' F. (li° C). 

Pressure of gas at meter, Atmoipheric. 

Pressure in accumulator tank, 300 poundi per tquart inch. 

Temperature of water in cooler, 54° F. (li" C.) 

Gas used, 1,100 cuMe/eet. 

Condensate produced, 0.8S gallon per 1,000 cubic fut. 

Gravity oj gasoline produced, 85° B. 

Evaporation loss of condensate on exposure to air, 11 per cent in S hoan. 

Gravity of gasoline after evaporation loss, 8t° B. 

Table 4 following shows the quantity of gas issuing from 16 wells 
on the same lease. The gas all comes from the same sand, the Berea 
grit, in West Virginia. The wells had been drilled about 10 years 
and the oil production averages about 25 or 30 barrels a day from 52 
wells. The gas from all of the wells was not tested by the authors. 



TESTING NATUBAL GASES FOB GASOLINE CONTENT, 47 

Tabu i.—Retidt» of bOomory and field tatt of 16 ^fftrent welU an the tame Ittue. 



Niimberotwdl. 


Flow. 


Spocifio 
gravity 


and alco- 
hol »l>- 

sorption. 


Nombaofwdl. 


Flow. 


SnivltT 
o/gu 
(alr-1). 


sorption. 




21,600 
26 000 

is 


"1 

:7i 

Its 


1 

32 
31 




-TS 


1 
:g3 








1 


1 

000 

000 























































A gasoline pUuit capable of taking care of 100,000 cubic feet of gas 
daily was in operation on this lease and was connected to wells 
1, 6, 14, and 15, mentioned in the above table. Some gasoline was 
produced, but the successful operation of the plant had not been 
assured when the authors visited the lease. About 1,200,000 cubic 
feet of gas was available. Certain welb, among them many of high 
capacity, notably Noa. 2, 3, 4, 5, 7, 8, 10, II, 12, and 16, appeared 
to be too dry for consideration for use in fhe condensation of gasoline 
from the gas. 

BESTXTB OF AHALTBBS OF NAT1TBAL OASES OF OKLAHOUA. 

Following are the results of a laboratory analysis of a natural gas 
that is used for the condensation of gasoline from natural gas at a 
plant in the Glenn pool district; 250,000 cubic feet of gas was being 
used from eight wells. The operators claimed that they obtained 
about IJ gallons of gasoline from each 1,000 cubic feet of gas treated 
in the plant. 

Rendu ofamlyni ofcaajy-headgae/rom Ohlaluma. 



The oil absorption was 20.0 per cent and the specific gravity 
{air= 1) was 0.75. 

The analytical results are interesting as showing a gas from which 
gasoline is condensed, although it is low in specific gravity and oil 
absorption as compared with similar values of other samples tabu- 
lated below. , 
lOak' 

The mygen is undoubtedly due to s slight loakage of air In the sample ooQloinat. _ 
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The following table shows the specific gravity and the oil absorp- 
tion of gases obtained from the casing heads of different wells on the 
same lease in the Glenn pool district of Oklahoma. A gasoline 
plant had not been Installed at the time the authors collected the 
samples, but one was contemplated. The results show the Tariation 
in gases from the same lease and are in marked contrast to the values 
for the gas mentioned above, which was also collected in the Glenn 
pool district but from a different lease. 

Speeifie-gravity and oH-abiorptmn valua of Glenn pool gat tamplet. 
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The condensation of gasoline from natural gas is essentially a 
physical process. If any chemical reactions take place, they are 
shght and inappreciable. The authors tested residual gases from 10 
different plant operations to determine whether carbon monoxide or 
olefin hydrocarbons were produced. These gases with others are 
found when the higher paraffins are decomposed at high temperatures 
and pressures in the absence of air. Neither carbon monoxide nor 
olefin hydrocarbons were found. 

THBEE OOMMEAOIAI. FSOOESSEB. 

At present three processes for the extraction of gasoline from 
natural gaa are used commercially. The one most generally used 
involves compressing the gas to a certain pressure and subsequently 
cooling it by means of water or air. A second consists in simply 
cooling the gas without compression by means of a refrigerant, such 
as liquid ammonia, evaporating under reduced pressure. A third is 
a combination of the other two. 

BEI.ATION OF PBESSTTBES EXESTBD BT OAS 1CIZT17BES. 

In order to understand changes that take place in the gas mixture 
as it passes through the compressors, knowledge of pressures exerted 
by gas mixtures is essential. In a mixture of gases exerting a certain 
total pressure each individual constituent of the mixture exerts a 
part of the pressure. Atmospheric pressure at sea level is about 15 
pounds per square inch, of which about 3 pounds is due to the oxygen 
and about 12 pounds to the nitrogen. In order to be liquefied, agaa 
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must be compressed or cooled or both. If it is to be liquefied by pres- 
sure alone, the pressure applied must be greater than the vapor 
pressure of the liquefied gas when boiling. 

When a vapor is mixed with other gases or vapors, only a part of 
the total pressure is exerted on the vapor- If the vapor constitutes 
10 per cent of the mixture, the pressure on the vapor is 10 per cent 
of tbe total pressure. For such a mixture, it being aastvued that the 
vapor under consideration will be the first to condense out, a pres- 
sure of 1 50 pounds would be reqiiired to have a pressure of 1 5 pounds 
on the vapor. Under a pressure of 16 pounds the vapor would 
b^;in to condense to a liquid at the temperature at which the 
liquid would normally boil. Butane boils at 1°C. (34° F.), when its 
vapor exerts a presswe of 15 pounds per square inch. Hence, to 
condense butane vapor to liquid at 1° C. (34° F.), there would be 
required a pressure of at least 15 pounds on the vapor. If the 
butane constituted 20 per cent of a mixture, there would be needed 
a total pressure of 75 pounds in order to have a 15-pound pressure 
on the butane vapor, and to cause condensation to begin. As con- 
densation took place, butane vapor would, of course, be removed 
from the mixture; that is, its partial pressure would diminish and a 
pre^ure greater than 75 pounds would have to be appUed to cause 
the condensation to proceed. Hence, if one knew the exact quantity 
of butane vapor in a particular natural gas, a pressure greater than 
that theoretically required to start the condensation would have 
to be applied in practice. From the above discussion it will be seen 
why one gas may produce condensate under a pressure of 75 to 100 
pounds, whereas another gas may need a pressure of 200 to 300 
pounds to produce the same quantity of condensate of the same 
constituent. 

A' mmilar calculation can be made for pentane or other vapors of 
the liquid paraffin hydrocarbons. The vapor pressures of three o^ 
these Uquids and of two of the gaseous paraffin hydrocarbons when 
Uquefied are tabulated here. 

Vapor pretturet of three liquid hydrocarbont at different temperaftTetfl 
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Vapor pramra 0/ two gateout paraffin hydroearbont at different temperaturet. 
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If one were to make the assumption that the vapor of pentane only 
was present in a naturaJ-gas mixture it would be possible to ascertain 
the pressure necessary to condei^e this vapor at any desired temper- 
ature. 

For example, suppose that gas available for gasoline production 
contains 3 per cent of pentane vapor, and suppose that determination 
of the pressure necessary to condense this vapor at 20° C. (68° F.) is 
desired. The above table shows that pentane has a vapor pressure 
of 8.1 poimds per square inch at 20° C, (68° F.) ; therefore the pres- 
sure required to start the condensation is TrrjojOr 270 pounds per square 

inch. As shown on page 25, 1 gallon of pentane will produce when 
volatilized about 31 cubic feet of vapor at 0° F. (32° C.) and 30 
inches of mercury. If a gas yields- 1 gallon of pentane per 1,000 

cubic feet of gas, then there must be rf^ part, or about 3 per cent of 

vapor in the mixture. Consequently, when less than 3 per cent of 
vapor occurs the pressure would have to be raised above 270 pounds 
to condense the vapor. If a pressure above 270 poimds per square 
inch and subsequent cooling below 20° C. were not employed, the 
vapor would not condense. 

It has been stated that methane and ethane are never Uqueiied in 
plant operation. But propane and butane may be liquefied imder 
certain conditions. At 22° C, (72° F.), to hquefy the vapors of pure 
propane, a pressure of 132.3 pounds per square inch is required. If 
50 per cent of the vapor is present, a pressure of twice 132.3, or 264.6, 
poxmds per square inch is required at a temperature of 22° C. (72° F.). 
As far as the authors are aware, no vapor-pressure curves for butane 
have been determined. 

But as the boiling point of propane ( — 45° C; — 49* F.) is much 
lower than that of butane, the latter will be liquefied more easily than 
propane. As no data are available, no figures can be given. That 
butane is a constituent of some natural-gas condensates is shown by 
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the fact that nearly all condensates obtained under high preeaure 
(200 to 300 poonds per square inch) boil at t^nperatures near 0° C 
Of course, the boiling point is modified by the presence of other 
constituents. Fentane, the next highest homologue to butane, boite 
at 36.4" C. (97.5° F.). 

OASOIiENE-PIiAlfT METHODS AND EQUIPMENT. 
TJBS OF OOMPIISSBOIIS. 

Single and two stage compressors are generally used in gasoline- 
plant operations. Single-stage compressors are generally used where 
pressures of 110 pounds per square inch are not exceeded, although 
they are used at some plants where pressures up to 150 pounds per 
square inch are enaployed. At higher pressures, higher temperatures 
are produced. One of the makers of compressors states that with a 
100-poimd compressor volumetric efficiencies of 65 per cent are 
obtained, and with 50-pound compressors efficiencies of 80 to 85 per 
cent. A 150-poimd compressor gives only about 50 per cent efficiency. 

LOW-STAOE OOKFBBSBION. 

In the initial stage the gas is subjected to pressures varying from 
20 to 50 pounds per square inch. Probably 35 pounds per square 
inch is an average value. The temperature of the gas may rise to 
450° F. (232° C.) in the low-compressor cylinder, but no liquefaction 
of gas or condensation of vapor will occur. As stated elsewhere, 
gases can not be liquefied by the application of pressure alone at 
temperatures above liieir critical temperature, and at higher tempera- 
tures they would have a greater capacity than ever for the vapors . 
present, so that no condensation of the vapors would occur. 

COOUHO OF laXTUVB. 

During tiae next st^e of operation, the mixture passes through a 
water-cooled 2-inch iron pipe, probably 100 feet long for every 100 
cubic feet of gas passed per minute." The cooling is effected at the 
same presstu^ as maintained in the low-stage compressor. 

Usually little liquid is obtained at this stage of the operation, but 
that obtained is sometimes collected in the main receiving tank of 
the plant or in sepsjators provided for the purpose. At a few plants, 
however, the condensate collected is considerable, being as much as 10 
per cent or more of the total, but this yield is exceptional. The 
quantity of condensate obtained must, of course, principally depend 
upon the extent of the saturation of the origin^ gas mixture with 
gasoline vapors. The quantity of gasoline vapors in the gas mixture * 

•OuB Sim that fantalls gasoline plamtn sHowb 1 square foot of radisttng suiboe lor eaob oublo foot ol 
■Btontl gas passing tlmn^ Uieoolb, an allowaDce stated to be hupiy In excess of the needs. The ooollns 
<u!li are frequently equipped With a b^-pasi, 30 that only part or the oofl need be used hi oold weatha. 
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depends upon many conditions, such as the quantity of gasoline 
peculiar to the oil, temperature and pressure conditions in liie well, 
iotimatenesB of contact between the oil and gas in the well, composi- 
tion of the gas, and the treatment the gas receives in the plant. 

HIOH-STAO^E COHPBESSION. 

After the mixture of gas and vapor has left the first cooler it is 
conducted to the high-pressure cylinder of the compressor and sub- 
jected to a pressure varying, perhaps, from 250 to 350 pounds per 
square inch. The temperature is raised probably to 250" C. (482° F.) 
in the compression cylinder. Under these conditions no liquefac- 
tion or condensation occurs for reasons already mentioned in connec- 
tion with the discussion of the low-stage compressor. The mixture, 
still under pressure, is next forced through 2-inch pipe coils, on 
which water of ordinary temperature falls. In some plants the coils 
are immersed in tanks of water. An average temperature of probably 
32* C. (90° F.) in summer and 4" C. (°39 F.) in winter is maintained. 
The temperature is further reduced by expanding the gas imder the 
jH-essure mentioned through a valve into a pipe that envelops the 
final section of pipe through which the compressed gaa travels on its 
way to the accumulator tank. Expansion against a reduced pressure 
of 30 poimds per square inch occurs at some plants. A temperature 
of about 4° C. (39° F.) is normal for a plant using this plan. 

0IX)SED-EXPAN8IOH STSTBU. 

F. P. Peterson, general manager in the state of Oklahoma for 
the Riverside Western Oil Co., informed the authors that according 
to his experience the results obtained from direct expansion of the 
gases usually fall far short of expectation and that efforts in the 
direction of more efhcient cooling by expansion are being made 
through what is termed a system of closed expansion. This system 
involves the use of a cylinder with a piston and a means of resistance 
against which the gas is made to do work in expanding. Water 
cooling is avoided as in several other different types of installation. 

In the standard type of device for cooling and compressing, as 
above described, methane and ethane are not liquefied, but butane 
and, in some plants, propane are. A heavy condensation of gasoline 
vapors iisually takes place, the final mixture containing principally 
butane, pentane, and hexane. Propane and also heptane may be 
present. There will also be found some of the gases methane and 
ethane dissolved in the liquid produced. 

CHJUTQES EN OAB ON OOMPBESSIOIT AND OOOI<INa. 

The gas, in passing through the compression and cooling coils, 
imdergoes several changes; one has to do with the condensation of 
vapor, another with the liquefaction of gas, and a third with the 
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solution of gases and vapors in tlie liquid produced. The Taper con- 
densation depends simply upon tlie reduced capacity of the different 
gases to cany the vapors when subjected to increased pressure and 
lowered temperature. The Uquefaction of natural gas depends upon 
the temperatures and pressures at which the gases butane and pro- 
pane are liquefied at their partial pressures. The solubility depends 
upon the solubility of the gases in the liquids produced at the par- 
ticular temperature and pressures encountered. The three changes 
mentioned are so intimately concerned with each other that one 
factor can not be disturbed without affecting the others. For 
instance, such a pressure above and temperature below those at 
present ordinarily used could be maintained as to increase to some 
extent condensation of the most desired constituents, pentane, 
hezane, and heptane, but with increasing pressure and lowered 
temperature more of the undesirable gaseous constituents would 
become Uquefied. These, when exposed to the atmosphere, im- 
mediately volatilize, canying with them some of the gasoline con- 
stituents. At increasing pressures more of the gasee methane and 
ethane dissolve. With release of pressure they would escape with 
violent agitation and further loss of the condensate. 

Present methods of treating the raw gas have resulted from actual 
plant experiments on a large scale. Little record of these experi- 
ments has ever been published. The standard equipment herein 
mentioned is the result to date. Improvements in the process are 
bound to take place, but they must follow established laws of con- 
densation, liquefaction, aolubility, etc. The authors know of com- 
mercial ventures that were failures because of the management's 
lack of knowledge of the fundamental laws of physics and chemistry 
and of the nature of the material they were dealing with. 

For the purpose of picturing just the physical changes that take 
place in the process a diagram such as that constituting figure 8 is 
instructive. 

Suppose one starts with a natural gas at atmospheric temperature 
and pressure, and suppose it contains a certain weight of a vapor of 
a liquid hydrocarbon, M, which exerts a part of the total pressure of 
the mixture. This vapor must be dry, saturated, or superheated. 
Assuming it to be superheated the condition of 1 pound of it may be 
represented by the point a, figure 8. In the diagram the ordinates 
represent pressures and the abscissas, volumes. The point a fixes the 
volume Va and the pressure Pa of a pound of the vapor at the tem- 
perature t. Now the pressure is increased until the point b is reached, 
representing the boiling point of the liquid at a certain temperature 
and preesxu^; condensation begins and continues at constant pressure 
until complete at bj>. The line abhiC is the isothermal line at t^e 
temperature t. 
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Aa the vapor of the liquid hydrocarbon constitutes only a part of 
the gas mixture, as was first assumed, in order for condensation to 
begin it is necessary that the gas mixture be compressed to pressures 
above atmospheric, depending on the partial pressure of the vapor, 
in order to have a pressure (ordinate of h) on the vapor. In practice, 
however, the problem is complicated. The amount and character 
of the vapors are only imperfectly known. The most suitable pres- 
sures for any given plant operation can be obtained only by actual 
trial 
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DETAILS OF EQITIPHEKT OF QASOLINE PLANTS. 

In figures 9 and 10 are shown the plan and elevation of a plant 
for maldng gasoline from natural gas by the compression method. 

The gas from the wells enters the plant by means of a gas hne. 
After passing through a drip tank a, for the removal of oil that 
might be carried with the gas, it partly circles the compressor build' 
Lng and enters the low-stage compressor; after compression it is con- 
ducted to the low-stage cooling coils, and thence to the high-stage 
compressor e. From this compressor it passes to the cooling coils e, 
and is from them expanded into the cooling coils d. 
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The condensate is trapped 
into the accumulator taiji i, 
and the residual gas may 
again be passed back into 
the compressors through a 
conducting pipe line. The 
authors believe that this lat- 
ter arra^ement results in 
the obtaining of no more 
condensate, for the residual 
gas is subjected to the same 
treatment to which it has 
already been subjected. In 
fact the method appears to be 
wasteful, because the resid- 
ual gas simply takes the place 
in the compressors of some 
gas direct from the wells that 
could be profitably treated. 
However the authors hare 
made no experiments to de- 
termine tills point. 

In Plate I, A, is shown an 
exterior view of a gasohne 
plant at Sistersville, W. Va. 
The small cooling coils for 
water cooling and the laiger 
pipes for expansion cooling 
are shown distinctly. 

Plate I, B, shows a plant 
in process of erection in the 
Glenn pool di9trict,0kla. The 
expansion coils are jacketed. 

Plate I, C, shows a small 
plant at Reno, W.Va. There 
are many of the smaller 
plants of this type through- 
out the Appalaohian fields. 

Plate n, A, shows the 
cooling coUs and accumula- 
tor tanks of another gasoline 
plant. 

Plate n, B, shows the ul- 
terior view of an accumula- 
tor-tank house. 
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Plate m, A, shows a gas engine and belt-driven compressor of 
another gasoline plant. 

Plate m, B, shows an interior view of a plant having both a low- 
Btage and a high-«tage belt-driven compressor. 

Plate rV, A, shows the ruins of a natural-gas gasoline plant that 
was destroyed by an explosion. 

Plate IV, B, and Plate IV, C, show views of a plant in California 
that is operated by an ammonia refrigerative system. 

Plate V, A, shows an oil well from which casing-head gas is drawn 
for a neai^by gasoline plant. The pump shown in the foreground to 
the left of the picture for pumping the gas from the well is connected 
to several other weUs besides that one shown to the right of the 
figure. The gas-pipe connection to the oil well is not shown in the 
view, because it is on the other side of the casing. 

Plate V, B, shows an exterior view of another gasoline plant in the 
Glemi pool district. Cooling and storage tanks and oil-well derricks 
and oil tanks are shown. Ice tob-J be se^i on two of the gasoline 
storage tanks. 

Plate VI shows the interior view of the compressor building. Six 
50-horsepower directniriven gas compressors are contained in this 
room. Such an outfit can handle about 2,500,000 cubic feet of gas 
per 24 hours. 



Some tests were conducted by the authors to show the grade and 
quantity of gasoline produced when the crude natural gas was sub- 
jected to different pressures during actual plant operation. The 
natural gas issued from the wells under slight pressure. Meters were 
being used constantly to measure the gas. The pressure to which the 
gas is ordinarily subjected is about 140 to 150 poimds per square 
inch. The following table shows the results of the authors' experi- 
ments: 
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It had been found by experiment at this plant that pressures of 140. 
to 150 pounds per square inch produced the most marketable gaso-' 
line. It will be observed that a pressure of 190 poimds produced 
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more gasoline. The extra I i gaUons, however, was of such a volatile 
character that it only escaped into the atmosphere upon e^osure to 
the air; hence high preBsures at this plant were tmnecefisary. Oaeo- 
line could he ohtuned by the appUcation of pressures as little as 50 
pounds per square inch, but the yield was small. 

As nattiral gas is of different character in many different sections 
of the country and even in the same oil field, data obtained at one 
plant can not always be uaed as a basis for operating other plants — 
that is, as far as the pressures that should he used are concerned. 
Each operator should thoroughly test his own gas. IMfferent pres- 
sures should be apphed and the quantity and ch ^acter of the gasoline 
noted. A reliable meter for measuring the gas becomes indispensable. 
If, in certain plants operating to-day, meters were installed and a 
series of tests conducted as above outlined much greater eflSciency 
of operation could he attained. Other apparatus that could be used to 
advantage are thermometers, graduated vessels for measuring the 
gasoline, hydrometers for determining the specific gravity of the 
gasoline, and gas-analysis apparatus, especially an apparatus for 
detecting air leaks in pipes through analyses of the gas for oxygeji. 



One plant in McKean County, Pa., obtains only about 72,000 cubic 
feet per 24 hours from 91 producing oil weUs subjected to a reduced 
pressure of only 1 or 2 inches of mercury. About 4 gallons of gasoline 
per 1,000 cubic feet of gas is obtained. 

Another plant, about 2 miles distant, obtains about 30,000 cubic 
feet of gas per hour from 57 wells under a similar reduced pressure. 

The only plant in New York situated in the same field as those 
mentioned above is about 10 miles distant and obtuns about 72,000 
cubic feet of gas from 60 wells in 24 hours. The wells are drilled in 
what is known as the third sand. The sand in this locality is spoken 
of as beii^ "close." At a compression of 250 pounds per square 
inch and with cooling to about 20° C. (68° F.), the yield of gasoline 
approximates closely 4 gallons per 1,000 cubic feet of gas. The spe- 
cific gravity of the condensate is 90° to 95° B. 

In the region around Tidioute, Warren County, Pa., there is a 
condition that exists in no other field in the United States as far as the 
authors are aware. The producing wells tap the third sand, and are 
subjected to a reduced pressure of about 20 inches of mercury. Any 
E^es and vapors obtained are simply cooled in water and the con- 
densate collected. The amount of vapors obtained per well is rather 
small and the methods of extraction of gasoline are crude. At only 
two "plants" is any attempt made to compress the gas, but con- 
nected to these are SO or 60 wells. The majority of the producers in 
this region pump only a few well& 
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At Hastings, Warren County, Pa., and in the surrounding region 
the average quantity of gas per well increases over that in the other 
regions operated in the northern Pennsylvania fields. The quantity 
of gasoline obtained per 1,000 cubic feet of gas tmijer conditions 
similar to those in the northern fields is approximately the same. 

The oil fields extend south into Butler, Allegheny, and Washington 
Counties, and many successful plants are in operation in all those 
counties, although most of them are small. The wells utilized for 
gasoline production constitute a small proportion of the total number 
of oil wdls, being less than 1 per cent. 

As the oil fields extend into West Vii^;inia and Ohio, especially those 
along the Ohio Kiver on both sides from Steubenville to Marietta, 
Ohio, more wells are utilized — probably between 2S and 50 per cent of 
the total number of wells. 

In this region are situated some of the laif;est and best equipped 
plants in the United States. The gas is as a rule rich in the gasoline- 
making constituents, approximating on the average close to 3 gallons 
of 90° to 95° B. gasoline per 1,000 cubic feet of gas treated. Com- 
pression at 200 pounds pressure per square inch is employed. 

COST OF OASOLimi-PLANT BOUIPKEHT. 

Compression and condensing equipment that will handle 120,000 
cubic feet of gas per 24 hours costs about $2,S0O. This includes a 
15-horsepower gas engine and low-stage compressor for a discharge 
pressure of 50 pounds per square inch, a 15-horsepower gas ei^ine 
and high-stage compressor with a discharge pressure of 250 pounds 
per square inch, intercooler, aftercooler, accumulator tank, expan- 
sion coils, and refrigerating coil, and a lighting-plant equipment 
consisting of a 5-horsepower engine, generator, safety lamps, incan- 
descent lamps, wiring, etc. The gas engines and the compressors 
are direct connected. The price of equipment varies from S2,S00 for 
equipment for handling the smaller quantities of gas up to $7,800 
for equipment capable of handling 600,000 to 700,000 cubic feet of 
gas. Foundations and housing for machinery, pipe lines to wells, 
railroad sidings, storage tanl^, etc., are extra. 

The authors are aware of one small plant from which the owner 
claims he derives a net income of 1150 per month with a small equip- 
ment which handles only 60,000 cubic feet of gas in 24 hours. Condi- 
tions are such that this man is enabled to attend to this plant in 
addition to his regular duties. The gas used is exceedingly rich in 
gasoline vapors. 

The authors have knowledge of two plants that cost $40,000 for 
complete installation, including the cost of compressors, two of them 
of 50 horsepower, two of 40 horsepower, two of 35 horsepower, and 
two of 20 horsepower, storage tanks, railroad sidings, and buildings 
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at the sidings, pipe lines to about 120 wells, foundation and housing 
for equipment, etc. The operating expenses for one year were 
111,000. The cost for the salaries of six men included in the opera- 
ting expemes was $7,000. The other $4,000 was paid for repairing 
the plant and for waste, oil, etc. The two plants sold 490,000 gallons 
of gasoline in 1913. For most of the gasoline the company received 
ISJ cents per gallon. Probably Hi cents would be an average price; 
hence the gross income was Hi multiphed by 490,000, or $56,125, 
the net income therefore being $55,125 less $11,000, or $44,125. 
The company running these plants, by an unusual agreement, paid 
to a party from whom they bought the plant a royalty per year of 
50 per cent of the profits, hence the owners' net gain was $22,062. 
Therefore, on the original investment, they realized about 56 per 
cent return for the year 1913. 



The change in the raw gas that takes place in the compressors 
and coolers of a plant consists in the conversion of certain vapors 
and gases into Uq^ud condition, and the solution of gases in these 
liquids. To give exact figures for the proportions of gas and vapor 
that disappear is impossible. An approximation can be reached, 
however. One gallon of Uquid pentane when converted into gas 
produces about 31 cubic feet of gas at 0° C. and 760 mm, pressure. 
One gallon of propane in the Uquid condition produces about 45 
cubic feet of gas. One gallon of butane produces 37 cubic feet of gas. 
Butane and pentane are probably the two paraffins that are removed 
in greatest quantity. 

Aside from such liquefaction a certain amount of gas is absorbed 
by the Uquid, as stated above. It is small as regards the total disap- 
pearance of gas. The authors estimate that at some plants about 35 
cubic feet of gas disappears for each gallon of condensate produced 
from 1,000 cubic feet of gas. If 4 gallons of condensate per 1,000 
cubic feet of gas is obtained, then 140 cubic feet, or about 14 per 
cent of the gas treated, has disappeared. At some plants, however, 
as much as 50 per cent of gas disappears, and at others the quantity 
of residual gas is almost insignificant. 



Table 5 following shows the results of laboratory tests of various 
gases derived from the different stages of plant operation. The per- 
centage of air was calculated from the oxygen content as detemiined 
by analysis. 



A. OIL WELL FROM WHICH CASING HEAD GAS IS DRAWN FOR NEAR-BY GASOLINE PLANT. 
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Tablb 6.— ifentZu q/' hboratory teU* (^ tampUt of gat from different gatoUne plant*- 

PLANT 1^ NEAR F0LLAN8BEE, W. VA. 





Calcu- 
lated 

fiS, 

value 
per 

%' 

TBOinni 


SE 

a 

780 

■r 


Pro- 

1 

3^ 


Comportton, 




CondltioDot 


Air. 


CH.. 


C^H* 


CiB>. 


CItHu. 


Ni 


COfc 


To- 

taL 


B..^. 


Natural gu 


B.tn. 
2,BM 

2.«( 

a,m 
a, 171 

J,4W 

2,022 


1.46 
L3S 


8S.T 


P. a. 


p.tt 


P.ct 

14.9 
W.3 

30.5 


P.tt 
S8.3 

«i.9 

«.3 

78.3 
72.* 
33.0 


P.(t 


0.1 

1.1 


p.<*. 




P.rf. 
100 

too 

100 
100 
100 


The gsa waa 

Is 
IB 


R«sldasl gaa 






BderrenioTtil 
KstunJguu 


«3.a 

ffl.0 
















tTITm'thS 






-mte taken 
two niwtbs 
prevJoua. 













PLANT 3, NEAR MCDONALD, PA. 



KaturoJ gaa as 

theweU 

Btsldiial gaa 
alter lenwval 
of MpiniiUla 






The aaVoat 
ol gasoline 
waa 1} gal- 
lons perl JKn 
cubic feet of 



18 aibltiarttyagelgliad f» i 



ivanleuce c[ relerance. 



' AiUhgi3(alculat(<l"Birtrce"toabawecmpcaltkinofcru<lega8. The cmde gas waa obtained aflfctlul 

M had been fltat eompneeed but not oooled. liiUS^Il- 

' Actual compOBltlon ol the gas deUveted to the conpreaor. <-J 



COKDENBATION OF QABOLINB FBOM NATUBAL OAS. 









PLANT a, 


NEA 


a McDonald, PA. 












X 




ConqKKltlon. 






h& 


c 


























Condition of 




A 


















Remaiki. 




footst 
0-C 
and 


TOO 

1)' 


fl 


Air. 


GHt 


CH* 


<^ 


aM». 


M.. 


COr 


'&. 












P.Y 


Prt 


Prf 


Pr( 


Prf. 


P.rt, 


P. ft, 


F.I*. 




























re!&K 


























BcsUiul gu 
























fc^sl 


sL°^8JS 












36.6 


2S.1 




lAO 


R 


100 


ass 
















































































slanpnSi^. 


1,060 




20.6 


MO. 7 




43.S 


•.0 




l&O 


.8 


100 














































































«.r 



























PLANT 1,NBAK KIEFER, OKLA.{aLKNN POOL). 



Residual gas 
afMriemoml 
of 2S0 pounds 

skm prodDOt. 







PLANT 


5, NEAK rOLLANSBBE, H 


. VA 






"S'S.S 


1 £.(.«. 

2,«7 

l2;ias 

2,D1S 


1.3H) 


642.2 


.a 

118.0 




W.8 


71.1 
81.9 

7.» 






100 


v; 


lUaiduBl gas 
aHwromovBl 
of 60 pounds 



a Analyds calculated "air free" to ■bowcommilllaBal snide (M. '- 
> Analyats sbowa sotiial compoaltlco of gn deUrvcd bi imiiii 



COMMENTS ON METHODS AND EQCTPMBNT OF VABIOUB PLANTS. 63 

Tabu 5. — S»nUt$ of Uhomtory ink ef tampUt o/gaifiom different gatoline pbma — 
OoBtiauod. 
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SIONIFICANCB OP BESDLTS TABULATED. 

It is well to f^ain call attention to the fact that the percentages of 
par&ffin hydrocarbons shown in the preceding results of analyses are 
only approximate. Only the two predominating paraffin hydrocar- 
bons are shown. For instance, in plant 2 the hydrocarbon content 
of the crude gas is given as CH,, 2,7 per cent, and CjH,, 96.1 per c«nt. 
Propane, butane, and vapors of the liquid hydrocarbons must be 
present, else gasoline could not be condensed from the gas. The 
total hydrocarbon content is correct or nearly correct, however, as is 
the specific gravity and heating value. The oil absorption shows only 
the relative solubilities of the different gases under a certain condition> 
One can determine approximately the relative changes that take place 
in the plant operation by comparing the different analytical results. 
For instance, the figures for plant 6, near Riverside, W. Va., indicate 
that the gas underwent only a small change after compression in 
the first stage to a pressure of a few ounces. The specific gravity 
changed only from 1.27 to 1.26, the heating value dropped inappreoia- 
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bly, the oil absorption was only ali^tly different, and there was 
scarcely any change in the chemical analysis. After oompression to 
70 pounds per square inch, however, the gas changed markedly. 

Regarding the results for plant 1, the chemical analysis, the specific 
gravity determination, and the claroline oil absorption show the gas 
represented to be a rich one. It will be seen that little difference existed 
between the composition of the crude gas and the same gas after it 
had been compressed to a pressure of 50 pounds per square inch. 
Only after the compression to a pressure of 250 pounds per square 
inch and cooling, did the composition of the gas mbcture change 
appreciably. 

The results obtained with the gas from plant 2, a small plant near 
McDonald, Pa., show that the crude gas was not very "wet." The 
absorption by claroUne oil was rather low, and the gas was probably 
near the lower limit of a gas adapted for the production of gasoline. 
The composition of the gas was not changed to a very marked degree 
at any stage in the plant operation. 

The results obtained witii the gas from plant 3, 1 mile from plant 2, 
and tihe results with the gas from the latter plant show ia a marked 
d^;ree how natural-gas samples may vary in the same fidd. After 
the sample from plant 3 had been compressed to 20 pounds per 
square inch and cooled, a considerable change in the composition took 
place. The composition also changed considerably after compression 
to 80 pounds pet square inch and cooling. Nearly 50 per cent of the 
gas dehvered to the compressor consisted of air and nitrogen. 

The results for plant 4, in the Olenn pool district, Okla., cover a 
gas probably about as poor as cfm be handled commercially. The 
condensate produced is extremely volatile. Other samples of gas 
from this same field are rich in gasoline vapors. 

The results for plant 5 represent a gas that was derived from wells 
in the immediate vicinity of those connected with plant 1. The gas 
is of the same general character. The greatest change occurs after 
compression to 225 poimds per square inch and cooling. 

Regarding plant 6, near Sistersville, W. Va., compression to a few 
ounces per square inch and cooling produced no gasoline, but after 
compression to 70 pounds per square incli and cooling, the gas under- 
went a considerable change in composition. A heavy condemation 
of gases and vapors occurred. 

As r^ards the results for plant 8, near Steubenville, Ohio, most of 
the condensate was produced after the gas had been compressed to 
90 poimds per square inch and cooled. Increasing the pressure to 
160 pounds per square inch and cooling gave little additional yield, 
as is shown by the test results. 

I, j.N^ecy Google 
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In plaot 9 oQs-Bttige cois{treesion and cooling was practiced. 
Hi|^irgrade plaat equipment and exe^lmt methods of handling the 
product were in use. 

In plant 10 the eompoeition of the gas, after compression to 125 
pounds per square inch and cooling, changed markedly. Compression 
to any higher pressures would probably be useless, in view of tlie com- 
position of the waste gas. 

O-BNERAL CONCLUSIONS. 

In general the preceding table shows that under existing methods 
of plant operation condensate is extracted from natural gas that 
ranges in specific gravity from as low as 0.83 to as high as 1.59 (air=l) 
and that the sohibilitiee of the gas in clarohne oil ranges from 36.9 
(air free) to 85.7 per cent; according to the well from which it comes. 

The authors hesitate to reconuneud the installation of a plant to 
handle liatm'al gas that shows results as poor as the mlniiniim values 
given in the table. Such gas might produce gasohne in paying 
quantities and might not. Probably the safest extremes would be a 
specific gravity of 0.95 (air=l), and a claroline-oil absorption of 
40 per cent. The natm-al gas supplied to Pittsburgh, Pa., with which 
the authors are most familiar, contains httle of the gaseous hydro- 
carbons, has a specific gravity of 0.64 (an:— 1), and has a claroline-oil 
absorption of about 16 per cent. It is a dry gas and is unsuitable 
for gasoline production. 

It will be seen that in many of the plants the gas deHvered to the 
compressor contuned 20 to 40 per cent of air due to inleakage either 
through the rock strata or through defective connections in the gas 
fines. Such leakage is obviously undesirable and every effort should 
be directed toward its prevention. 

The waste gases from some plants seem to contain considerable 
quantities of gasoline-making constituents, as may be observed from 
the analytical results, including the specific-gravity determinations, 
and the percent^es of gas that was absorbed by claroline oil. The 
waste gases escape directly from the accumulator tank containing the 
last-st^e compression products. These products at the existing 
temperatures have high vapor pressures, and consequently the escap- 
ing gases carry with them some of the vapors of the liquid in the tank. 



The authors have compiled the following table to show at a glance 
the specific gravities and absorption numbers of natural gases used for 
the condensation of natural gas. The table is compiled from the 
results shown in the large table preceding. The compilation will be 
useful for reference in predicting the residte that may be obtuned 
from other sample of natural gas. 
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FIBE HAZAB.D AT aASOUlTE PLANTS. 

Serious accidents have occurred in the manufacture of gasoline 
from natural gas and in the transportation of the gasoline. Several 
plants have been completely wrecked through the explosions of gas- 
air mixtures that have resulted from the escape and ignition of natural 
gaa in the engine and compressor rooms. Storage tanks have also 
been demolished when they have burst omng to excessive pressures 
put on them. Safety valves must be in good working order, and 
great care should be exercised in installing electric wiring systems and 
magnetos. All electric wiring should be properly placed, well insu- 
lated and made secure on supports. Fuses or electric switches should 
never be placed inside of buildings where gas might escape. Lighting 
dynamos and magnetos should be installed in small buildings outside 
the main building. Electric-light bulbs should be protected by 
wire guards, because they may ignite explosive mixtures if they are 
accidentally smashed." 

The following table shows the small percentages of gases and vapors 
occmring in natural gas that are required to form explosive mixtures 
with air: 
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According to the above table, even if a natural gas consisted almost 
entirely of methane, as some natural gases do, an explosion would 
follow an ignition of a mixture of air and natural gas containing 
5.50 per cent of methane. The natural gas of Pittsburgh contains an 
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appreciable quantity of ethane and propane. The authors have 
determined its explosive limits to be about 5 per cent gas, low 
limit, and about 11.6 per cent gas, high limit. The "wet" gases, 
or those from which gasoline is condensed, contain a much 
higher proportion of the higher paraffui hydrocarbons than does 
the natural gas of Pittsburgh, and consequently have narrower 
explosive limits. Their low explosive limits are much lower. The 
authors have made no detennination of the explosive limits of the 
"wet" natural gases from which gasoline is condensed, but they can 
closely estimate for many " wet" gases that such limits will range from 
about 3.5 per cent gas, low limit, to about 9.5 per cent gas, high limit. 
That is, when some " wet " natural gases are present in th© mixture of 
the gas and air, an explosion will occur between tliese limits, although 
the limits for different natural gases vill vary somewhat from the 
^ures mentioned. 

It will be observed then tiiat only a small proportion of the 
gas need be mixed with air to form an explosive mixtture, and that 
great care should be exercised to guard against leaks of the gas in 
plant buildings. 

EITEOT OF LEAKAGE OF AIK HTFO PIPES AND CONHECTION8. 

As mentioned before, at many oil wells that are connected to gaso- 
line plants the gas is drawn at reduced pressures as low as 25 inches 
of mercury. Manifestly, under such low pressture, pipe and other con- 
nections must be very tight in order to avoid inflow of air. The 
authors have found as much as 40 per cent of air in the mixture drawn 
into some compressors. In some instances the air is drawn into the 
Tock strata through old and abandoned wells that have not been prop- 
erly plugged. 

Introduction of air of course cuts down gasoline production and may 
lead the operator into beUeving that the quahty of his gas as re- 
gards gasohne content is low. Residual gas may contain so much air 
as to be objettionable for further use. A determination of the oxygen 
in the gas as it comes to the plant would give complete information 
as to the air content. The authors know of few plants where such 
determinations are made. Oxygen is not a consCiituent of natural gas 
as it occurs in the earth. Hence, its presence in a pipe line shows 
inflow of air. Pure dry air contaios 20.93 percent of ox^en. Con- 
sequently, if the oxygen content of a gas is known, the percentage of 
air can readily be calculated. 

OHABACTTER AND USES OF REBIDTTAL SAB. 

In some gasoline plants gas issuing after some of the condensate 
has been removed is sent to mains and used for consumption in 
ordinary ways or returned to the leases to be used for pumping 
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purposes. In some plante it is wasted. As far aa the quality of 
most of the gas is concerned, unless greatly contaminated with air, 
it is superior to that ordinarily used in cities and towns. Originally, 
Bs mentioned heretofore, it contains the permanent gases methane 
and ethane that are also contuned in the natural gases ordinarily 
used for supplying cities. In addition there are contained con- 
siderable quantities of the more easily liquefied gases propane and 
butane, and some gasoline vapors. As the gas passes through the 
plant the gasoline vapors are to a lai^ extent removed. Some of the 
propane and butfuie is hquefied and some of the methane and ethane 
goes into solution. The proportions of propane, butane, methane, 
and ethane that disappear may be small. The residual gas as it leaves 
the plant will contain all of the above-named constituents, because 
a complete removal of even the gasoline vapors is not accomplished 
in plant practice. The results of analyses on page 61 show the com- 
position of raw and natural gases before and after passing through 
the plant. The high beating value of the residual gas is apparent, 
being in one instance almost twice as high as the beating value 
of the natural gas of Pittsburgh which has a gross heating value 
of 1,179 British thermal units per cubic foot at 0° C. and 760 mm. 



Frequently the quantity of gasoline vapors in casing-head gas is so 
high as to cause trouble in gas-engine cylinders from premature 
ignition. The fact that casing-head gasee vary so widely in composi- 
tion can not of course be anticipated by engine builders. It is also 
true that casing-head gases may be unsatisfactory for lighting if 
mantles are used because the standard burner can not be adjusted 
for complete combustion of the gas. The result is aooty mantles 
and imperfect Ught. Removal of the gasoline vapors sometimes 
overcomes this objection, 

SOLXmON OF aA-S IN COKDENBATES. 

As previously stated, one of the physical changes occurring in the 
operation of a gasoline plant has to do with the solution of gas in the 
condensate, that is, when the residual gas is in contact with the 
condensate in the stort^ tank. The following experiment and 
calculation by.tbe authors will serve to show how small and insignifi- 
cant this change may be. 

A residual gas from an operating plant was shaken with refinery 
naphtha. The naphtha had a specific gravity of 61° B. The 
solution was effected at a temperature of 20° C. (68° F.) and atmos- 
pheric pressure. The naphtha was shaken with the gas supply 
until no more gas would go into solution. It was found that 1 liter 
of the naphtha dissolved 1.760 liters of the gas; or 500 gallons of the 
naphtha would have dissolved 3,331.7 liters of the gas. If the 
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aasumption be made that this residual gas was ethane only, then it 
can be calculated that 3,331.7 Utere of gaseous ethane at 16' C. 
(60° F.) and 30 inches of mercury is equivalent to 2.7 gallons of 
tiquid ethane. This quantity of liquid is so small as to seem in^g- 
nificant, although as regards raising the vapor pressure of the con- 
densate it is important, 

LIFE OF WELLS AS REGARDS PROFITABLE OASOLINE 
EXTRACTION. 

Some conclusion r^arding the length of time that gasoline may be 
profitably extracted from the natural gas of a given well may be 
guned by referring to the history of past operations. In the East 
gasoUne-extraction plants have been in operation for several years. 
An important factor is the quantity of oil present. Neither gaa nor 
oilwel^ are as long lived in theMid-Contiuent as in the Eastern fields. 
It would appear therefore that in the Mid-Continent field, gasoline 
operations will not have as long life as those in the Eastern fields. 
They wiU probably last longer, however, than those in the California 
fields. Operations for the recovery of gasoline from casing-head gas 
in the old Tidioute, Pa., region, where profitable yields of gasoline 
are obtained at very low pressures, have continued for five years. 
These wells have been producing gas and oil under vacuum for 40 
years prior to the actual installation of gasoline plants. The authors 
have definite information Tegarding the installation of a plant at 
Farkersburg, W. Va., that operates on wells that have been under 
vacuum for 29 years. After two years' operation of the gasoline 
plant the quantity of gas began to decline rapidly. General con- 
clusions can not, however, be drawn from this plant. 

Around Sisterville, W. Va., there are probably more plants for tlie 
recovery of gasoline from casing-head gas than at any other place in 
the United States. Oil wells in that district have operated under a 
vacuum for 15 or 20 years. Within the town limits some wells 
operating under a reduced pressure of 24 inches of mercury produce 1 
barrel of gasoline a day. The fact that the engines use city gas, 
there being no residual gas left, shows the absence of much permanent 
gaa in. the wells. Certain oil wells may produce considerable gas 
when gasoline recovery is started but eventually the gas ceases to 
flow, and a reduction of pressure withdraws no gas from the well 
but simply removes the gasoline fractions. 

The Glenn pool in the Oklahoma fields has, the authors believe, 
already shown indications of having a long life. The application of 
reduced pressure to the wells has increased both tbe gasohne and the 
oil yield. 

The authors can not predict the life of gasoline^lant operations in 
gmeral in the Oklahoma fields. With reference to the Glenn pool 
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fields, however, tbey b«]ieTe that it would be eutiiely safe to predict 
& life of pn^table gftsoline operation equal to that which can be 
realized with the oil iteelf. There are some other regions in Oklahoma 
that have shown particularly unrehable indications as to casing-head 
gas, there haying been a considerable volume of gas in new wells, 
wliich later dwindled rapidly. This tendency seems to be common 
with the shallow sands, a possible exception being a pool known as 
the Childer's pool in the Delaware region. When gas escapes freely 
from welU that have been producing oil for two or three years, they 
may be expected to produce gas enough to assure the return of the 
initial investment with profit. 

CONDENSATION OP GASOLINE BY REPRIOERATION. 
KETHODS OF PLANT AT OUNDA, OAL. 

In a plant at Ohnda, Cal., the gasoline is condensed by refrigera- 
tion at low temperstures. Ammonia is the refrigerating agent used. 
Plate IV, C, shows a general view of this plant. 

In a letter to the authors, the president of the company stated tliat 
in a day of 24 hours 300,000 cubic feet of gas was used, from which 
was extracted 1,200 gallons of condensate. 

Seven condensing coils are used. They are laid side by side and 
connected to each other by headers. In the first two ammonia 
refrigeration is not used. A considerable drop of temperature is 
obtained in these coils, however, by causing the gas to expand into 
them. The temperature in No. 1 and No. 2 stills is approximately 
150" F. (66° C), m No. 3 still 65' F. (18° C), in No. 4 still 50° F. 
(10" C), in No. 5 still 40° F. (4°C.), m No. 6 still 30° F. (- 1°C.), and 
in No. 7 still 14° F. (—10° C.) The condensate precipitated ia the 
No. 1 still is said to have a specific gravity of about 60° B., in the No. 
2 still 62° B., in the No. 3 still 70° B., in the No. 4 still 74° B., in the 
the No. 5 still 80° B., ia the No. 6 still 84° B., and in the No. 7 still 
95° B. The condensates are finally all mixed together, producing a 
mixture with a specific gravity of 80° B, 

The company pays 32 cents per pound for ammonia. Approxi- 
mately 400 pounds was required to charge the machiae in September, 
1913. Up to March 5, 1914, the chai^ had not been renewed. The 
ammonia is delivered to the compressor at a pressure of approxi- 
mately 15 pounds per square inch, and leaves the compressor at a 
pressure of 150 pounds. 

DBSOBIFTIOH OF OfiDINAJlY A3fK0HIA BBFBIOEBATINa 



An ordioary ammonia refrigerating machine such as is used for 
cooting purposes in general consists essentially of three parts — a 
refrigerator or evaporator, a compression pump, and a condenser. 
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The refrigerator, which comriBts of a coil or a seriee of coils, is con- 
nected to the suction side of the pump, and the delivery from the 
pump is connected to the condenser, which is generally of a somewhat 
simitar construction to the refr^rator. The condenser and the 
refrigerator are joined by a pipe in which is a valve called the regu- 
lator. Outside the refrigerating coils is the air, brine, or other sub- 
stance that is to be cooled in the refrigeration system; and outside 
the condenser is the cooling medium, which is water. The liquid 
ammonia passes from the bottom of the condenser throi^h the regu- 
latii^ valve into the refrigerator in a continuous stream. As the 
pressure in the refrigerator is reduced by the pump and maintained 
at such a degree as to give the desired boihng point — which is, of 
course, always lower than the temperature outside the coib — heat 
passes from the substance outside through the coil surfaces and is 
taken up by the entering Hquid, which is converted into vapor. The 
vapors thus generated are drawn into the pump, compressed, and 
discharged into the condenser, the temperature of which is some- 
what above that of the cooling water. Heat is transferred from 
the compressed vapor to the cooling water, and the vapor is con- 
verted into a hquid which collects at the bottom and returns by the 
regulating valve into the refrigerator. The compressor may bo 
driven by a gas engine or in any other convenient manner. The 
pressure in the condenser varies according to the temperature of the 
cooling water, and that in the refrigerator is dependent upon the 
temperature to which the outside substance is cooled. 

Anhydrous ammonia is a gas at ordinary temperatures and under 
atmospheric temperatures. The liquid anhydrous ammonia is com- 
mercially sold in iron drums in which it is contained under a pressure 
varyii^ between 120 and 200 pounds per square inch, the pressure 
in the drum dependii^ on the temperature of the hquid in it. 

Some idea of the nature of the natural-gas condensate obtained 
can be had by considering the liquefaction points of the constituents 
that are found in natural gases used for gasoline condensation. The 
boiling point of hquid propane is —45" C. (—49° F.), and of liquid 
butane 1°C. (34" F.). 

The lowest temperature obtained in the refrigerating coils of the 
Ohnda plant is —10° C. {14° F.). Hence it can be accepted that 
no propane is hquefied, but some butane and higher paraffins are. 
The efficiency of the extraction of the condensible constituents from 
the natural gas for any gtvea. temperature will depend upon the 
velocity of the gas through the coils, or, what is the same tlung, the 
area of cooling surface. Heat is of course extracted from the natural 
gas when it enters the cooling system. If the cooling area of the 
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pipes is not great enough, the residual natural gas will leave the 
system still contf^oiog gasoline vapors that could have been con- 
densed by further cooling treatment. By proper experimentation 
the amount of cooling surface required to produce the greatest 
quantity of salable condensate can be ascertained. Presumably the 
operators of the Olinda plant have made such a determination. The 
authors are not closely acquaiated with its operations. They b^eve 
that the refrigeration method offers much promise and that more 
plants of this type will be installed. 

In the United States at least 85 per cent of the refrigOTation plants 
used for various purposes use ammonia as the refrigerant. Other 
refrigerants that may be used are sulphur dioxide, carbon dioxide, 
and water vapor. 

TRANSPOBTATION' OF NATTTItAIj-GAS GASOUNB. 

After the production of gasoline from natural gas became a com- 
mercial success, the matter of the best methods of transporting it 
became important. Some of the product when first drawn from the 
storage tanks may have a specific gravity as high as 100° B. Some 
condensates are even lighter than this. The exact nature of the 
product was not clearly understood during the inception of the 
industry, and in transporting it pressures developed in the containers 
great enough to burat some of them. Several serious accidents 
occurred. It was quickly recognized that the material as freshly 
drawn was not suitable for transportation in containers such as were 
used for handling ordinary gasoline. Weathering the condensate 
and blending it with refinery naphtha so that a liquid was obtain- 
able that upon evaporation would not develop excessive pressures 
overcame the diflSculty. However, compulsory rules for its trans- 
portation that could be met by the producers were recognized as 
necessary. Consequently B. W, Dunn, Chief of the Bureau for the 
Safe Transportation of Explosives, called a meeting of producers at 
Pittsburgh, Pa., on May 26, 1911. Recommendations were adopted 
indicating the method of shipping the condensate pending the 
drafting of final regulations. 

Cql. Dunn recommended that the producers determine the vapor 
pressure of then- product at 100° F. (38° C), and sent inspectors to 
those producers who used tank cars in shipping their product. A 
tentative maximum vapor pressure was set at 10 pounds per square 
inch for a temperature of 100° F. (38° C). 

Tank cars diflfered widely in their construction and many were not 
suitable for carryii^ a highly volatile liquid. Consequently, it was 
recommended that only standard tank cars should be employed. 
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SIHiBS OF TITB DITB&8TATB GOUCBBOS OOlOtlBVlOS. 

The final rules of the laterstate Commerce Commission regBrding 
the shipment of natural-gas gasoline are presented below. 



LiqH«fied petroleum gu ia a condenBftte from tJie "casiiig-head gas" of petroleum 
oil wells, whose vapor tension at 100° F. (38° C.) (90° F,— 32° C— November 1 to 
March 1) excee<k 10 pounds per square inch. Liquefied petroleum gas must be 
ahipped in metal drums or barrels which comply with "Shipping-Contuner Speci£- 
cations No. 5," or in tank cars especially constructed and approved for this aervice 
by the Master Car Builders' Association. 

Vhen the vapor tension at 100" P. (38° C.) exceeds 26 pounds pa square inch, 
cylinders as prescribed for comprened gas must be used. 

(The commiaaion has not deemed it beat at this time to prohibit Ute use of good 
wooden barrels in shipping inflammable liquids with a flash point below 20° F. 
(—7° C.). It is, however, expected that their use for that purpoee will be gradually 
discontinued and that within a roasonable time metal barrels will come into general 
use for such shipments.) 

Packages containing inflanuaable hquids must not be entirely filled. Sufficient 
interior space must be left vacant to prevent distortion by containera when heated 
to a temperature of 120° F. (49° C.). Tbia vacant space must not be less than 2 per 
cent of the capacity of the omtaiiier, including the dome capacity of tank can. 

1. The provitdons of "Shipping-Container Specifications No. 5" apply to all con- 
tainers specified therein that are purchased after December 31, 1911, and used for 
the shipment of dangerous articlea other than expkeives. Each such C(»itaiaer pur- 
chased aubseflueutly to December 81, 1911, shall have plainly stamped therecot the 
date of manufocture thereof. - • 

2. An iron or ateel barrel or drum with a capacity of from 50 to 56 gallons must have 
a mi n 'i n i'" weight in the black, exclusive of the wei^t of rolling hoops, of 70 pounds, 
and the minimum thicknees ot metal in any part of the completed barrel must not 
be less than that of No. 16 gi^ United States standard. 

3. An iron or steel barrel or drum with a capacity of from 100 to 110 gallons must 
have a Tninimnm weight in the black, exclusive of the rolling hoops, of not les than 
130 pounds, and the miounum'tbickness of metal in any part ot the completed barrel 
or drum must not be lees than that of full No. 14 gage United States standard. 

4. Each barrel or drum must stand without leaking a tqanufacturers' test under 
water by interior compreesed air at a pressure of not Iffis thjui 16 pounds per square 
inch sustained for not less than two minutes, and the type of barrel or drum must 
be capable of standing without any serious permanent deformation and without 
leaking a hydtoetatic teet pressure of not lees than 40 pounds per square inch, sus- 
tained for not less than five mlnutee. 

5. When filled with water to 98 per cent ot its capacity, the type of barrel or.drum 
must also be capable of standing without leakage a t«et drop on its chime for a heigiit 
of 4 feet upon a solid concrete foundation. 

6. Bungs and other openings must be provided with secure closing devices that 
will not permit leakage through them. Threaded metal plugs must be close fitting. 
Gaskets must be made of lead, leather, or other suitable material. Wooden plugs 
must be covered with a suitable coating and must have a driving fit into a tapered 

■ Fmm "Rsgulatlaiu of tlis IntMstato ComnHvce ConunlBakin Ear the Trsnaportatlmi of Erplnalvta 
and Ottw Daugnous ArOdCs b; Fielght and by Eipmas, and Spcdfiistloni for BUppIng CoDlalnen," 
pubUabed hj the Buieao b>r ttte Bale Tnnqicstatkin at Eiploslma and Otlwr Dangntnu ArtkdBs, In 

JmiiiiU7, 1S12, pp. 73, lU, 114. sod 14(1. EflectlTe Msi. 31, ISU. 
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7. The method of maoufacturing the barrel or drum and the materials used must 
be well adapted to producing a uniform product. I/eftka in a new barrel or drum 
miiHt not be stopped by eoldraing, b«t mnct b« repairad by the method med in co&- 
etructiBg the bAnel or drum. 

BIiENDINO GASOLINE WITH NAPHTHA. 

In the foregoing pages the word " gasoline" has been loosely ap- 
plied by the authors to mean the liquid obtained from natural gas 
subjected to treatment. The term has been retained because it has 
become a trade name. The term "condensate" would be more suit- 
able, because the liquid first obtained is usually so vola^e that it 
comes quite outside the meaning that is usually applied to the 
term gasoline. The refinery gasoline as prepared for the trade 
is not a definite compound, nor is the natural-gas condensate, as it is 
collected in storage tanks before it is prepared for market. Mtex 
this preparation, if properly done, natm-al-gas condensate comes 
under the same category as refinery gasoline. 

At preeent practically all natural-^as condensate is mixed with 
lower grade refinery naphthas. This process constitutes the so- 
called blending. In the early days of the industry the handling of 
the natural-gas condensate involved its weathering or the evapora- 
tion of its light constituents imtil a product was obtained that could be 
used as refinery gasoline is ordinarily used and could be safely trans- 
ported undw rules promulgated by the Bureau for the Safe Trans- 
portation of Explosives. By the process of "weathering" a loss of 
material as much as 60 or 70 per cent of the total quantity frequently 
occurred. Sometimes the loss was even greater. By the process of 
blending a product is obtained that has a slower rate of evaporation 
than the natural-^as condensate used in making the blend. 



Below is presented a table showing the commercial names of dif- 
ferent grades of naphthas, gasolines, kerosenes, etc., their gravities, 
boiling points, and the chemical names of the constituents that com- 
prise them: 

Data refording diitUlation produett of crude oil. 
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DIBOU88ION OF THE PBODUCTS. 

According to this table, ajiy condensate having a grarity of 94° 
to lOS*" B. will contain a large proportion of pentane and butane. 
Probably most of the condensate having a gravity of 108° B, will be 
butane and moat of that having a gravity of 94° B. will be pentane, 
although a certain proportion of each will consist of the heavier con- 
Btituents, among which will be those of ordinary gasoline. Butane 
and pentane have boiling points of 0° C. (32° F.) and 36° C. (97° F.), 
respectively. These temperatures (especially that of butane) are 
below ordinary atmospheric temperature; hence a rapid loss of these 
constituents in a natural-gas condensate will occur when the con- 
densate is exposed to the air. 

Rh^olene, it will be noticed, consists chiefly of butane and pen- 
tane. The boihng point of rljgolene is given as 18° C. (64° F.). 
This boiling temperature is midway between that of butane and 
pentane. Most natural-^as condensates have a gravity of 80° to 
94° B. Such a mixture is classiEed as petroleum ether in the above 
scale. This scale has reference to refinery products. Such mixtures 
are of a more uniform composition than natural-^as condensates 
that are freshly drawn from accumulator tanks, whereas petroleum 
ether may be a mixture that contains chiefly pentane and hexane 
and will not boU when freshly prepared, yet natural-gas conden- 
sates, especially those of the higher gravity, may boil violently. The 
ebullition is probably due chiefly to the escape of butane and some 
propane. In the natuT«l-gas condensate there will be more of these 
constituents and leas of the pentane and hexane. There will also 
be some of the still higher liquid paraffins and some of the dissolved 
gases methane and ethane. .The above table, as far as the inter- 
mediate members are concerned, can scarcely be applied to natural- 
gas condensates, because the latter are of a more complex composi- 
tion. It is inserted here only because its use brings out several 
instructive points. Probably the above classification is little used 
in the trade. Different trade names for practically the same dis- 
tillates from petroleum are used by different refiners. 

EVAPOBATIOK LOSSES IN BLBKSINa. 

The following tables (Tables 6 to 9) show the results of some 
blending tests made by the authors. The condensate as it was drawn 
from the storage tank was allowed to stand in graduated vessels, 
and the loss sustained by evaporation over different periods of time 
was noted. The containers were graduated glass cylinders haying a 
capacity of 1,000 c. c. Their inside diameter was 2| inches and they 
were 13 inches high. Some of the same condensate, as it was drawn 
from the storage tanks, was also mixed with naphtha and allowed to 
Btaod and the loss noted. 
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TjIblb 6. — Eeaporation loutt<^ of natufal-ga4 eoTidtruate/rom plant A when Mowed U> 
itoTid expoted to the air. 
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REUABES ON TABULATED DATA. 

As regards the results shown in Table 6, the condensate was exposed 
to the air in the graduated glass cylinders already mentioned. 

The pressure exerted on the natural gas in making the condensate 
varied between 140 and 200 pounds per square inch. The storage 
tank was so arranged that after each test the entire volume of con- 
densate could not be removed in order to provide an empty tank for a 
succeeding test. Hence, the condensate from one test was always 
mixed with some condensate from a preceding test. For this reason 
the exact pressure that was exerted on the gas for any particular test 
is not recorded here, A gas meter was not connected to the "plant," 
so that the quantity of gas used in making the condensate could not 
be measured. 

It will be observed that as the gravity of the condensates increased 
the losses by evaporation also increased, ranging from 4.5 per cent 
to 24 per cent at the end of one hoiu', from 8.6 to 33 per cent at the 
end of two hours, from 9.5 to 40 per cent at the end of three hours, 
and as much as 53 and 54 per cent at the end of 24 hours and IS hours. 

The condensate used in test 1 started to boil slightly when first 
drawn from the storage tank and continued to do so for two hours. 
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Thia boiling was probably due mainly to the liquid butane present 
in the mixture changing to the gaseous condition. Biitane boils at 
1° C. (34° F.), and when exposed to the temperatm-e of this particular 
coDdensate, which was 20" F. ( — 7" C), the liquid of course changed 
to the gaseous condition. A small part of the gaseous butane 
remained dissolved in the condensate, but the proportion that could 
not be held in solution escaped. 

The condensate used in test 3 lost S per cent by evaporation during 
tlie first hour and 13 per cent at the end of three hours; at the 
end of 18 hours 25 per cent of the original mixture had evaporated. 
The original condensate must have contained considerable quantities 
of butane and pentane to account for such a loss. Most of the butane 
waa probably eliminated during the first two hours, and then a 
much slower evaporation of the other constituents, principally 
pentane, followed. 

The condensate used in test 7 was a very volatile product, being 
nearly the lightest gasoline obtained in the plant operation. 

The results mentioned above are presented to show actual losses 
sustained at the particular plants where the tests were conducted 
under certain conditions — that is, exposure of the condensates to 
atmospheric pressure and temperatures in certain forms of containers. 

The total loss through evaporation was not exactly determined. 
This total loss includes the losses shown in the above tables plus that 
sustained when the condensate was removed from the storage tank. 
As soon as the valve on the storage tank was opened and the conden- 
sate came in contact with the outside air in flowing to the graduated 
vessel provided to catch it, the evaporation commenced; hence some 
loss of Uquid occurred before the condensate could be measured in the 
vessel provided to receive it. The storage tank was provided with a 
glass gage which showed the height of the hquid therein. As the 
hquid was drawn from the tank its level, of course, fell in the gage. 
By noting this level before and after some of the liquid from the tank 
had been drawn into the graduated glass vessel, the loss of liquid oc- 
currii^ could he approximately determined. The loss amounted to 
about 10 per cent, and was of course due principally to the volatiliza- 
tion of the liquid gases. This loss is to be added to the losses shown 
in the preceding table in order to get the total loss. 

In Tables 7 and 8 are shown the evaporation losses that resulted 
when freshly drawn condensate from plants B and C were allowed to 
stand exposed to the atmosphere for 10 and 24 hours. The losses 
shown are much smaller than those from plant A. This result is to 
be expected, because more of the heavier parafiin hydrocarbons were 
contained in the condensates. The temperatures of the freshly drawn 
condensates were also higher than the temperature of the condensate 
obtained at plant A. Hence the constituents present in the con- 
densate had higher boiling points and evaporated more slowly. 
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The condensate repreBented by test 2 (Table 7) was obtained when 
the pressure on the natural gas was 210 pounds per square mch. The 
Uquid did not boil when wi^drawn from the tank, although a bubble 
of gas would occasionally issue during the first hoiu* of exposure. 
Hence the condensate probably contained only a small quantity of 
liquid butane. Likewise the proportion of pentane must have been 
smaller than in the condensates obtained from plant A. 

The condensates represented in Tables 7 and 8 were obtained from 
different plants than those represented in Table 6. The pressures 
employed were practically the same, yet the-character of the con- 
densates differed. For instance, all of the condensates obtained in 
the tests conducted at plant A would boil more or less at first, owing 
to escaping gas. Those obtained at plants B and C bubbled only a 
little. This difference was lai^ely due to differences in the compou- 
tion of the natural gases used at the plants. 

In Table 9 are shown the residts of blending natural-gas condensate 
(specific gravity 48° B.) from plant A (Table 1 ) with naphtha having 
a specific gravity of 57° B. The percentages of losses are calculated 
to percentage losses of the natural-^as condensate and not of the 
mixture. 

The conditions tmder which these tests were conducted would not 
warrant definite conclusions regarding the decrease of evaporation 
rate to be effected by blending. However, the losses after blending 
were still laige. 

If the evaporation loss were to be calculated to the percentage loss 
of the mixtiu-e of condensate and naphtha the percentage of losses 
on the blends would be much reduced, but the figures so obtained 
would not show t^e true loss of condensate. Some experiment's 
have probably done this and misled themselves into believing that 
the percentage so calculated represented the actual loss of condensate. 
The authors calculated the blending losses by throwing the loss wholly 
on the condensate. They determined by experiment that the evapo- 
ration loss of the refinery naphtha used in mating the blends was so 
small as to be inappreciable as compared to condensate losses. 

BESULTS OF BVAPOEATION TESTS IN WEST YmaiNTA. 

Table 10, following, shows the evaporation losses when natural-gaa 
condensates from a different plant than those mentioned previously 
had been exposed to the atmosphere. The evaporation lessee shown 
in the preceding tables occurred at plants along the Allegheny River 
near the New York State line. The tests represented in the table 
following were made at a plant in West Viiginia. Plant operations 
were so conducted as regards pressures that condensates of different 
specific gravities were obtained. The condensates were allowed to 
evaporate in graduated glass cylinders of the same form as those used 
in the tests covered by Tables 6 to 9, 
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Table l<i.~~Si)aporatkmlo$ieto/amdtnMU*/hmiAem7ntpla7U,buto/differenitp«ific 
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Table 1 1, following, shows results obtained when mixtures of natural- 
gas condensate and refinery naphtha were exposed to the air and 
aUowed to evaporate. The tests were made at the same plant as the 
teste covered by Table 10, and with the same condensates. 

Tablb 11. — Evaporation loiiei o^ 
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>> Teat conduded tn a shallow pan, 8 Incbea In dbuiMtw and 1 Inch dcop. 
DI8O0SSION OP BESITLTS 8HOWTJ IN TABLES 8 TO 11. 

As shown in Table 10 the losses when condensates of gravities 
between 79° and 98° B. were exposed to the atmosphere were as 
follows: One hour, to 19 per cent; 2 hours, to 26 per cent; 3 hoxirs, 
1 to 34 per cent; 4 hours, 2 to 38 per cent; 5 hours, 2 to 42 per cent; 
6 hours, 3 to 45 per cent; 7 hours, 4 to 48 per cent; 8 hours, 4 to 46 
per cent; and for 24 hours, 10 to 65 per cent. At the end of 24 hours 
the temperatures of the condensates were practically the same as 
the temperature of the atmosphere. 

If tests 1 and 2, Table 10, be excepted, the largest losses occurred 
during the first hour and the rate of evaporation gradually decreased. 
This is to be expected. Most of the material that first evaporated 
was liquid butane. liquid butane boils at 1° C. (34° F.); hence it 
would evaporate rapidly. The rate of evaporation of the pentanes 
and hexanes is, of course, much slower. The curves shown elsewhere 
clearly illustrate these points. 

Table 11 shows the evaporation losses whea the natural-gas 
condensates were mixed with refinery naphthas and allowed to 
evaporate. The rate of evaporation for tests 1 and 2 (Table 11) 
are almost the same, but slightly slower than of test 9 (Table 10), 
which represents the evaporation loss when the condensate alone 
was allowed to evaporate. The difference is especially noticeable 
at the end of the second hour, being 19 per cent as against 12 and 13 
per cent. The rates are not widely different for the remaining 
period, but still noticeable. Tests 3, 4, 5, 7, and 9, Table il, 
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may be compared to testa i, 5, 6, 7, and S, Table 10. In the former 
when condensates alone were allowed to evaporate the losses for the 
first hour ranged from 13 to 19 per cent. When condensatee of 
approximately the same specific gravity were mixed with naphtha 
and allowed to evaporate, the losses for the first hour ranged from 
4 to 14 per cent. 



The difference in the evaporation rates, shown for the mixtures, 
is marked all through the tests. The following tabulation clearly 
brings out this variation: 

Evaporation lostet ofamdentaia and "bUndi" for periodg ranging/Tom 1 to X4 hovri. 
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In the tests represented in the foregoing table for all of the "blends," 
condensates with specific gravities of 94° to 98° B, were used. How- 
ever, Table 11 shows that in preparing the "blends," different 
amoimts of the condensate w6re used for different tests. In some 
of the tests the "blends" were prepared by mixing the condensates 
and naphtha in equal proportions. In others, the proportions were 
70 per cent of condensate and 30 per cent of naphtha; in others, 
60 and 40. Table 11 shows that the evaporation rates were slower 
when the smaller quantities of condensate were xised, as was to be 
expected. 

COUPABATIVB ETAPOBATION LOaSXS 0¥ KIZTUBXS AHS CONDBN8ATE8. 

Table 12 shows the evaporation losses when the condensates alone 
were exposed to the atmosphere and when the condensates were 
mixed in various proportions with the naphtha. This table was 
compiled from the results of tests 1, 2, 3, 4, S, 9, 10, and 12, Table 11, 
and tests 3, 4, 6, 7, 8, and 9, Table 10. 
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The slower r&tea of evaporation of the mixtures of condensates and 
naphtha as compared to those of the condensates alone follow from 
the fact that if two liquids dissolve each other in all proportions, 
&nd if they have widely diSerent vapor pressures and boiling 
points, the vapor pressure of the mixture frequently falls between 
tile vapor pressures of the components, and the boiling point of the 
mixture falls between the boiling points of the components. The 
more volatile liquid evaporates prindpally, at first, during ihe dis- 
tillation, the lees volatile liquid remaining behind, bo that by a 
repetition of the process the two may be more or less completely 
separated. As evaporation continues a mixture is finally left that 
contains components whose boiling points and vapor pressures lie 
near together. 

PACrORB AFFECTING HATE OP BVAPOItATIOH. 

Attention should be called to l^e higher evaporation rat«8 of 
tests 3 and 4, Table 9, as compared to tests 1 and 2, Table 9. Tests 
3 and 4 were conducted in shallow pans, whereas tests 1 and 2 were 
conducted in tall narrow cylinders. For a given temperature, other 
things being equal, tho rate of evaporation is almost proportional 
to the area of the surface of the liquid. 

In actual operation different evaporation losses will be sustained 
than those mentioned above, depending upon the shape of the con- 
tainer that is used for holding the liquid when the latter is exposed to 
the air. If the mixture be placed in a drum such- as is ordinarily used 
for transporting natural-gas gasoline, and the bunghole left open 
there will occur a much slower rate of evaporation than if the entire 
surface of the hquid be exposed to the ^ by means of an opening, 
say, as large as the area of the liquid. 
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In the former case the rate of evaporation will approach erapora- 
tion conditions in a closed space. In a closed chamber evaporation 
will take place more or less rapidly at first. After some time, how- 
ever, the space above the liquid will become partly filled with stray 
molecules that have escaped through the surface film. These, after 
escape, move about indiscriminately in the chamber and are reflected 
from ite walls and from each other. Some return to the liquid, and 
once they fall on its surface they may be attracted into the in- 
terior. It thi^ happens that a certain stage is ultimately attained 
at which as many molecules return to the Uquid per second as leave 
it and an equilibrium ia established; at this sta^ evaporation may be 
said to have ceased. There is no further loss to the Uquid or gain 
to the, vapor outside it; there is, however, a continual exchange 
going on, new molecules are being continually projected from the 
surface and others are falling into the Uquid in equal niimbers. The 
chamber is then said to be filled with saturated vapor, or the vapor is 
said to be saturated; in any stage before this final stage has been 
reached the vapor is said to be nonsaturated. A saturated vapor is 
thus one that is in equiUbrlum with its own hquid. 

If there is any means of escape, however, as from the bunghole of 
the drum, some of the molecules, in wandering about inside the 
drum, wiU make their exit through the bimghole and into the atmos- 
phere, never returning to the Uquid. There will be thus a continual 
flow of molecules from the surface of the liquid to the atmosphere, 
and evaporation will continue in this manner at a steady rate as long 
as the temperature ia maintained constant. If the area of the hole 
be expanded to the size of the surface of the liquid, much faster 
evaporation will take place, because there wiU be a much wider 
avenue of escape opened for the wandering molecules. 

When natural-gas condensates or any liquids are exposed to the 
air, as in transferring the condensates from accumulator tanks to 
storage tanks or to drums, evaporation takes place much more 
rapidly than when the condensate is lying quietly in the container. 
This increased rate results from the much greater surface of the 
Uquid that is exposed to the air. 

The authors of this pubUcation found that from 2,040 gaUons of 
condensate transferred from a stores tank to a loading station at a 
railroad siding by means of a pipe line 1,500 feet long, there was 
lost by evaporation 747 gaUons, or 36 per cent. This loss occurred 
at the plant at which the tests shown in Tables 10 and 11 were con- 
ducted. The material was allowed to run down the pipe line by 
gravity to the loading stations. This experiment shows that evapora- 
tion rates may be much faster than in the tests conducted by the 
authors in glass cylindera. Evaporation losses may be also hastened 
when the atmospheric temperature ia high. The atmospheric tem- 
peratiire, when the authors conducted the tests, ranged from 40° to 
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70" F. (4° to 21" C), but most of the time the temperature ranged 
between 50° and 60° P. (10° to 16° C.)- During the summer time 
temperatures are much higher and evaporation losses will be corre- 
spondingly greater. In colder weather they would be smaller. 

ODBVES SHOWING EVAPORATION LOSSES. 

The authors have plotted certain curves to show the evaporation 
losses resulting when nature-gas condensates and mixtures of con- 
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PERIOD EXPOSED, HOUBB. 
Ftotisi 11.— EvapnatlonltssiH ofaaturalgai coudsusMH. 

densates and naphtha are exposed to the air. The curve results 
shown In figure 11 are plotted from data from Table 10. It will be 
observed that the rate of evaporation of condensates of high specific 
gravity is rapid for the first «ght hours. The rate of evaporation of, 
a condensate with a specific gravity of 79° B. is fairly imiform. A 
condensate with a specific gravity of 98° B. underwent a slower rate 
of evaporation than four condensates of lower specific gravity. This 
difference was probably due in part to the fact tbat during liie teste 
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of condensates of high specific gravity the temperatiire of the atmos- 
phere was about 10° F, (6° C.) lower. 

In figure 12 are shown the evaporation losses that resulted when two 
naturat-gas condensates, with gravities of 98° and 83.5° B,, were 
mixed with naphtha in different proportions. The curves were pre- 
pared from Tables 10 and 11. 

Figure 13 shows the evaporation losses resulting when a condensate 
with a specific gravity of 93° B. was exposed to the air and when it 
was. mixed with naphtha. The curves were prepared from Table 9. 

Figure 14 shows the evaporation losses when a condensate, with a 
specific gravity of 95° B., was exposed to the air and when it was 
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mixed with -naphthas of different specific gravities and exposed. 
Smaller losses resulted when a naphtha with a specific gravity of 
60° B, was used than when a naphtha with a specific gravity of 44° B. 
was used. 

VAFOB-PBESStTBE TESTS. 

Figures 15, 16, 17,andl8show the results of tests made by theauthors 
to determine the pressures exerted by the vapors of condensates and 
of blends. In making the tests a small steel container of about 2- 
liter capacity was fitted with a pressm-e gage. A hole was bored in 
the bottom of the container for the introduction of the liquid. This 
hole could be securely closed with a small threaded steel plug, to 
determine the pressure exerted at different temperatures, the con- 
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tainer was placed in a water bath heated by a gas bumer. Pressure, 
temperature, and specific-grarity obserratioos were made. 

In figure 15, curve 1 shows the vapor pressures of a freshly drawn 
condensate havuig a specific gravity of 93° B. The vapor pressures 
ranged from 19 pounda per square inch at 55° F. (13° C.) to 48 pounds 
per square inch at 100° F. (38°C.). 

After the test represented by curve 1 had been completed, the steel 
plug was removed from the container and the Uquid allowed to volatil- 
ize until it had lost 10 per cent of its original volume. Then the plug 
" was again inserted and the vapor pressures were again, noted for differ- 
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ent temperatures, as shown by curve 2. Curves 3, 4, and 5 show the 
vapor pressures at different temperatures after the original conden- 
sate had lost 20, 30, and 40 per cent of its original volume. It will be 
observed that the greatest drop in vapor pressure occurred after the 
first 10 per cent loss. This is due to the fact that the liquefied gases, 
propane and butane, were escaping in lai^est quantities during the 
first part of the exposure. There was not much diSereoce in the vapof 
pressures after 30 and 40 per cent losses, as shown by curves 4 and S. 
Figure 16 shows the vapor pressures of a condraisate obtained at 
the same plant as that represented in figure 15, but at a different 
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time. It will be observed that the condensate represented by curve I , 
figure 16, and that represented by curve 1, figure 15, were of the same 
specific gravity, but produced appreciably different vapor pressures 
at the same temperatures. In other words, condensates of same 
specific gravity may produce quite different vapor pressures. A 
striking instance of such a variation can be noticed by comparing 
curve 3, figure 16, representing the vapor pressure of a condensate 
with a specific gravity of TS^B.jwith curve 5,figurel6, representing the 
vapor pressure of a condensate with a specie gravity of 88° B. The 
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condensate with a specific gravity of 88° B. had ft lower vapor pressure 
than the condensate with a specific gravity of 78° B. However, the 
condensate represented by curve 5, figure 15, had weathered long 
enough to lose 40 per cent of its original volume, and the condensate 
represented by curve 3, figure 16, was freshly drawn. From the 
former, liquefied gases and liquids of low boiling point had been 
largely removed, and in the latter there may have been enough of the 
Uquefied gases to exert a pronounced vapor pressure, but not enough 
to greatly affect the specific gravity. After exposure to the atmos- 
phere for an hour or even less, the condensate with a specific gravity 
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TEMPBEATUEE, "F. 
FuniEE IS.— Vapar-preasiire Durvea of nstuial-gaa ccmdemato under dlScreitC caadltiona. 
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of 78° B. would have been greatly diminished in vapor pressure 
owing to the rapid evaporation of liquid gases, principally propane 
and butane. 

In figure 17 are shown the vapor pressures of a freshly drawn con- 
densate (curve 1), and of a blend prepared by mixing tMs condensate 
with refinery naphtha in equal proportions (curves 2 to 6) The 
naphtha had a specific gravity of 60° B. When the fresh condensate 
waa mixed with the naphtha the vapor pressure (curve 2) was lowered 
between 6 and 14 pounds per square inch over a range of temperature 
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TEUPEKATURE, "F. 
FiomtE IT.— Vapor-pruBore cuirca of a Ireahlir drawn condensaH utd of a 
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from 5S° to 110° F. (13° to 43° C). Curves 3 to 6 show the vapor 
pressure at different temperatures after the condensate had lost 
10, 20, 30, and 40 per cent of its original volume by evaporation. The 
condensate represented by curve 1 was the same as that represented 
by curve 1, figure 16. Comparison of curve 2, figure 17, with curve 3, 
%UTe 17, again brings out the fact that mixtures of the same specific 
gravity may have different vapor pressures at the same temperature. 
In this instance both condensates were used when freshly drawn. 
Curve 2, figure 17, represents the fre^ condensate mixed with naphtha 
in equal proportions, producing a mixture having a specific gravity of 
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78° B. Curve 3, figure 16, represents freshly drawn condensate 
with a specific gravity of 78° B. The vapor pressure of the latter 
was lower than that of the former. 

In figure 18 are . shown the vapor preseures of different mixtures 
of a condensate with naphtha (specific gravity, 60° B.) and with 
kerosene (specific gravity, 44°B.}, The condensate used in making 
the blends had a specific gravity of 93° B. It was the same conden- 
sate as that represented by curve 1, figure 17, and curve 1, figure 16. 
Curve 1 of figure 18 shows the vapor pressures at different tempera- 
tures when 70 per cent of freshly drawn condensate was mixed with 




30 per cent of naphtha. Curve 3 shows the vapor pressures at differ- 
ent temperatures after the mixture represented by curve 1 had lost 
10 per cent of its original volume by evaporation. 

Curve 2 of figure 18 shows the vapor pressures at different tempera- 
tures when 70 per cent of the freshly drawn condensate was mixed 
with 30 per cent of kerosene. Curve 4 shows the vapor pressures at 
different temperatures when the mixture represented by curve 2 had 
lost 10 per cent of its original volume by evaporation. Curve 5 shows 
the vapor pressures at different temperatures after the mixture rep- 
resented by curve 2 had lost 20 per cent of its volume by evaporation. 
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HBTHODS OF BI^KDUTG. 

Methods of TniTing the natural-gas condensate and naphtha differ 
in detail in different sections of the country and even at some plants 
in the same section of the country. In some plants mixing is per- 
formed at the plant; that is, the naphtha is brought to the plant. 
The mixture is made and the hlended mat«rial is hauled away in 
w^ons or forced through pipe lines to the railroad. 

The condensate from other plants is hauled in wagons, boats, or 
tank cars to central blending stations, and the mixture with the 
naphtha is made there. 

One company in the Glenn pool district, Okla., has an elaborate 
system of blending. Naphtha is unloaded at the little town of Kiefer 
on the edge of the pool, where large storage tanks are provided for 
receiving it. The naphtha is then forced from the tanks through 
pipe lines to many different gasoline plants in the Glenn pool district. 
At each of these plants a mi^iTig tank, the property of the company, 
is installed. The condensate from the stor^e tanks of the plant is 
forced into the miicin g tank where it mixes with the naphtha. After 
the blend has become uniform the mixture is forced back through 
pipes to the railroad station at Kiefer, where it is received in tanks 
to await shipment to consuming centers. 

In the region around Bradford, Pa., wagons partly loaded with 
naphtha are sent from a refinery. At each gasoline plant where this 
wagon stops it receives a quota of natural-gas condensate, which is 
mixed with the naphtha already in the wagon. 

At a large blending station in Pittsburgh the natural-^as gasoline 
is received by freight in steel drums. The drums are emptied while 
still in the car, their contents being forced throu^ a pipe to a con- 
tainer that holds the proper quantity of naphtha. A great deal of 
the natural-gas condensate is blended at Parkersburg, W. Va., in this 
manner. Much of the condensate ia shipped by boat on the Ohio 
River to Parkersburg. 

One operator in Oklahoma forces the condensate through a pipe 
line about 12 miles long to a railroad siding, where the Tniiring witib 
the naphtha is accomplished. 

At one plant the condensate is not blended, but shipped to a point 
of consumption, where it is used for the purpose of making gasoline- 
air gas. 

At a plant at Alluwee, Okla., the gasoline is forced into the same 
pipe lines that convey oil. At the refinery the mixture of oil and 
gasoline is subjected to distillation, and the gasoline is reclaimed 
along with that originally in the oil. The refinery is at CoffeyviUe, 
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It follows from what has already been said that the blending of 
natural-gas condensates with refinery naphthas results in lower vapor 
pressures and slower rates of evaporation of the condensate; hence, 
in order to conserve the condensate as much as possible, it should 
be blended with naphtha as soon as practicable after it has been 
made. 

SUMMARY. 

Below is presented a brief summary of some of the more important 
details discussed herein. 

GROWTH OF INDITSTBT. 

The making of gasoline from natural gas increased from a produc- 
tion of a few thousand gallons in 1904 to about 24,000,000 gallons in 
1913. Not until 1909 did the industry assume commercial impor- 
tance, having its commercial inception in Pennsylvania, around 
Tidioute, Titusville, and Warren. 

According to the United States Geological Survey the increase in 
production of gasoline for the year 1912 over 1911 was 63 per cent. 
The rate of increase for the year 1913 over 1912 was 100 per cent. 
It is reasonable to expect a greater increase for the year 1914. The 
gas used represents that which previous to the installation of plants 
for the production of -gasoline was principally wasted. 

CONSTrnjENTS OF HATmtAX. QAS. 

Natural gases are mixtures in which the hydrocarbons of the par- 
affin series predominate. Small quantities of nitrogen, carbon 
dioxide, and water vapor are also present. In some gases, however, 
the percentages of nitrogen and carbon dioxide are lai^e. One 
analysis is shown in which nitrogen comprised 98.5 per cent of tiie 
total, and another in which the carbon dioxide equaled about 30 per 
cent of the total. 

The exact proportions of constituents in natural gases can not be 
determined by ordinary methods of analysis, although the total 
quantity of paraffin hydrocarbons can be thus obtained and the heat- 
ing value and specific gravity determined. Natural gas may be sepa- 
rated into its constituents by hquefying it by means of liquid air and 
separating the constituents of the hquified gas by fractional distilla- 
tion. By this means the authors showed that the natural gas 
used in Pittsburgh contained 84.7 per cent methane, and that an 
extremely "wet" gas from which gasoline is condensed commer- 
cially contained only 36. S per cent methane. 

The paraffin hydrocarbons that principally concern the gasoline 
producer are methane, ethane, propane, and the butanes, pentanes, 
hexanes, and heptanes. The first four are gases at ordinary tem- 
peratures, the last three fiquids. The gases after contact with the 
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oil in the earth bring with them the vapors of the liquid hydrocarbons. 
The vapors are carried along with the permanent gases in the same 
manner that water vapor exists with air. After treatment in the 
gasoline plant, where the capacity of the gases to carry the vapors is 
much lessened, the vapors are deposited. 

FACHOBS AFFECTINO TIBU> OF OASOXJNE FROU HATUHAX. OAS. 

The quantity of gasoline vapors in any particular gas mixture is 
dependent upon the character of the oil in the sand, the temperature 
and pressure existmg in the sands, the porosity or closeness of the 
strata, the intimateness of contact between gas and oil, and other 
less important factors. The pentanes, hexanes, and heptanes are the 
only constituents of crude oil that, at earth temperatures, have vapor 
pressures of such magnitude that they are distilled in quantity from 
the crude oil; hence, they are the chief Uquid constituents of natural- 
gas gasoline. 

In wells yielding gas suitable for gasoline condensation, the three 
gases, methane, ethane, and propane, invariably occur in the gaseous 
condition, and butane also is usually present in the gaseous condition. 

METHODS OF TESTING FOR GASOLINE YIELD. 

By itself the ordinary eudiometric analysis is of httle use for testing 
a sample of natural gas in order to determine its suitabihty for gaso- 
line production. Laboratory methods in principal use have to do 
with solubility and specific-gravity tests. The Bureau of Mines has 
used alcohol and claroline oil; 100 c.c. of the gas is shaken with 
35 c.c. of the oil or with 50 c.c. of the alcohol until absorption ceases. 
For the determination of specific gravity the authors have both 
weighed the gas and used Bunsen's effusion method. The authors 
have found that natural gases at present used for gasoline production 
have a specific gravity of 0.80 or higher, and are soluble to the extent 
of 30 per cent or more in the solvents used. Laboratory tests serve 
best as preliminary indications previous to tests of the gas at the well 
by means of an experimental compressing plant. 

USE OF PITOT TUBE AND OAS-ANALYSIS APPARATUS. 

The Pitot tube as ordinarily used for measuring the flow of gases, 
that is, where the static pressure is not obtained, may give results that 
are 8 per cent in error, even though the tube is correctly used. When 
the static pressure is obtained and all readings are taken with a suffi- 
cient degree of refinement, they may vary only 1 per cent more or less 
from the correct results. The amount of casing-head gas that flows 
from a casing head may vary from little or nothii^ up to 500,000 or 
more cubic feet of gas. Wells should be allowed to vent from 3 to 24 
hours before measurements of the flow are made. 
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A simple gas-analysis detenmnation will show an operator whether 
air is leaking into his gas mains. Some gases that are used for con- 
densing gasoline contain 40 per cent or more of air due to leakage. 

LIFB OF WBLLS AS BEOABDS OASOLXHS FEtODtTCTIOH. 

Regarding the life of wells as to flow of gas for gasoline condensa- 
tion, it can he stated that wells from which gas has been escaping 
freely for several years will be long enough hved to insure a return of 
the initial investment with profit, that is, if the gas containB the 
necessary quantity of gasoline vapors. 

DATA SEaARDIKa C01CPBE8SI0N. 

The condensation of gasoline from natural gas is a physical process. 
The process in principal use at the present time consists essentially in 
compressing the gas to pressures up to 300 pounds and cooling it with 
water of ordinary temperature. Cooling the gas by means of a refrig- 
erant without compression, or using a refrigerant other than water in 
conjunction with compressor^, are processes that are coming into use. 

The pressure best suited for the condensation of gasoline from 
natural gas depends upon the partial pressures of the gases and vapors 
present in the mixture. The partial pressures are difficult to deter- 
mine. Hence the best that one can do in plant operation is to experi- 
ment until the most suitable pressures are found. 

Single-stage and two-stage compressors are generaJly used in 
gasoline-plant operations. Single-stage compressors are generally 
used where pressures of 110 pounds per square inch are not exceeded. 

In most two-stage plants little condensate is obtained after the first 
compression. 

Several changes occur in the gas when it is treated in a gasoline 
plant for the condensation of gasohne. One has to do with the con- 
densation of vapor, another with the liquefaction of gas, and a third 
with the solubility of gases in the hquids produced. 

The condensate as it is received in the accumulator tan^ consists 
principally of the liquids pentane and hexane and the liquefied gas 
butane. Some heptane and Uquid propane may also be present. 

For a particular natural gas there is a certain pressure best suited 
to produce the most salable gasoline. Increafdng the pressing may 
result in producing more condensate in the accumulator tanks, but 
the additional yield may be so volatile as to quickly escape after 
exposure to air. 

The quantity of gas that dissolves in the condensate in the accu- 
mulator tank is so small as to be in^gnificant. 

At least one plant in the United States using a refrigerative method 
with low pressures is in successful operation. i -■ i 
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Excludre of foundations and housing for machinery, pipe Unes to 
wells, railroad sidings, storage tanks, etc., the compression and con- 
densing equipment for gasoline plants costs from about $2,800 for a 
plant for handling 120,000 cubic feet of gas up to $7,800 for a plant 
for handling 600,000 to 700,000 cubic feet of gas. Two plante that 
produced 490,000 gallons of gasoline in 1913 cost $40,000 to complete. 
The owners realized 55 per cent on their investment the first year. 

About 35 cubic feet of gas disappears at some plants for each 
gallon of condensate produced from 1,000 cubic feet of gas. At other 
plants, as much aa 500 cubic feet of gas may disappear. 

HBATINO VALUBS Am) EZFLOBITE LDCITB OF HATUBAI. OASES. 

The heating value of the natural gas used for the condensation of 
gasoline from natural gas may be as high as 2,500 British Uiennal 
units at 0° C. and 760 mm. pressure. None of the residual gases 
that the authors tested had a heating value lower tliau 1,000 British 
thennal units. At one plant the residual gas had a beating value of 
ahnost 2,300 British thermal units. 

The explosive limits of the natural gases used for the condensation 
of gasoline from naturfd gas are low and narrow. These limits are 
approximately, for the low limit, 3.5 per cent gas, and for the high 
lunit, 9.5 per cent gas. Special precautions must be taken to avoid 
explosions. 

EVAPORATION LOSSES. 

fevaporation losses that result«d when natural-gas condensates of 
different specific gravities were exposed to the atmosphere in certain 
forms of containers ranged at one plant from 4.5 per cent to 24 per 
cent at the end of the firat hour, from 8.5 to 33 per cent at the end of 
the second hour, from 9.5 to 40 per cent at the end of the third hour, 
and about 54 per cent at the end of 18 and 24 hoxus. 

At another plant the losses for condensate ranging from a specific 
gravity of 79° to 98° B. were to 19 per cent for the first hour, to 
26 per cent for 2 hours, 1 to 34 per cent for 3 hours, 2 to 38 per cent 
for 4 hours, 3 to 45 per cent for 6 hours, 4 to 48 per cent for 7 hours, 
4 to 46 per cent for 8 houi%, and 10 to 65 per cent for 24 hours. 

A slower rate of evaporation occurs from a mixture of refinery 
naphtha and a condensate than when the condensate is &]lowed to 
evaporate separately. Iji some tests conducted by the authors, fhe 
saving at the end of the first hour was about 6 per cent in favor of 
the blends; at the end of the second hour, about 10 per cent; at the 
end of the third hour, about 11 per cent; at the end of the fourth 
hour, about 10 per cent; at the end of the fifth hour, about 12 per 
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cent; at the end of the sixth hour, about 11 per cent; at the end of 
the seventh hour, about 8 per cent; and at the end of the twenty- 
fourth hour, about 14 per cent. 

VAFOB FBES8UBES. 

Freshly drawn condensates with a specific gravity of 93° B, may 
have a vapor pressure of 14 to 48 pounds per square inch at tem- 
peratures of 55° to 100° F. (13° to 38° C). Condensates with a 
specific gravity of 78° B, may have vapor pressures ranging from 3 
to 19 pounds per square inch at temperatures of 55° to 109° F. (13° 
to 43° C). 

After a condensate with a specific gravity of 93° B. has lost 40 
per cent of its volume by evaporation the vapor pressures may range 
from 1 pound to 19 pounds per square inch at temperatures ranging 
from 55° to 109° F. (13° to 43° C.)- 

When a freshTy drawn condensate having a specific gravity of 93° 

B. J9 mixed with refinery naphtha with a specific gravity of 60° B, 
the vapor pressures may be 57 to 70 per cent of the vapor pressure 
of the condensate alone. 

Condensates of the same specific gravity may have different vapor 
pressures 
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In Technical Paper 10" of the Bureau of Mines there were pub- 
hshed experiments relating to the uae of the light parafSn hydrocar- 
bons in natur^ gaa. It was recommended that some of these con- 
stituents be used as a liquefied gas in the same maimer that Fintsch, 
Blau, and other gases, transportable in containers under pressure, are 
used. At least one company developed the industry to the point of 
making gas installations. Some patents relating to this phase of the 
use of hquid products of natural gas axe noted here. 

U. S. patent 1031664, issued to F. P. Peterson July 2, 1912, dis- 
closes a process of condensing and separating different compounds 
in natural gas at different pressures and temperatures and coUecting 
the condensate for each stage separately. The expanded residue of 
the gases is caused to flow countercurrent to the compressed gases 
and thereby cool them. 

U. S. patent 1056845, issued to W. O. Snelling March 25, 1913, also 
discloses a process of separating some of the compounds from natmral 
gas. A heated mixtiure of the gases is subjected under pressure to 
the condensing action of a series of condensers, each of which is main- 
tained at a temperature just below the boiling point, at the high 
pressure to which the mixture is subjected, of the constituents con- 
densed thereby. 

U. S. patent 1094864, issued to F. P. Peterson April 28, 1914, claims 
a new composition of matter, consisting of a liquefied mixture of 
ethane, propane, and butane, produced from natural gas and sub- 
stantially free from other hydrocarbons. Peterson claims as an 
advantageous process for obtaining the above mixture, the process 
patented by him on July 2, 1912 CU. S. patent 1031664). 

TSAF FOR SAVINa OAS FROU aTTSHEBS. 
An elaborate trap for saving the gas from large gushers and sepa- 
rating the gasoline from the gas is described in the California Derrick,* 
the statement being made that this new method of conserving the 
gasoline in the escaping gas has taken the place of the gas compressor on 
certain properties in California. The principle underlying the method 

a,AUan, I. C,,Biul Burrell, 0. A.: Liqucded products from natural gu, tbelr propaltei and uses: Tecb- 
nkal Paper 10, Buieaa of Mines, IflU, 33 pp. 
' Conscmitkin of gas and oil ta CaUftmla. CalUcfnia Dorick, vol. T, S«pt. 10, ISU. 
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ia the natural separation of associated oil and gas in a long chamber — 
a 10-indi pipe 800 feet long — which is tapped at short intervals 
by "risers" (separately controllable) into which the gas flows while 
the oil and sand under the pressure from the weU, flow through the 
10-inch pipe. ' When the oil and sand reach the end of the pipe, 
they are drawn into a receiving tank where the sand settles. As the 
gas is tapped at various points on the upper surface of the pipe, a rush 
of gas is prevented and the pressure is uniformly maintained over the 
entire surface of the oil as it, passes along the pipe. When the gas 
leaves the oil it is said to contain only such of the light products as are 
proportionate to the temperature and pressure. The trap was 
devised by Dr. Eric A. Starke, who patented it October 8, 1912. 



oy Google 



FtJBUCATIONS ON PBTROtBTTM TECHNOLOOT. 

A limited supply of tho following publications of the Bureau of 
Mnes is temporarily available for free distribution. Requests for 
all publications can not be granted, and to insure equitable distribu- 
tion applicants are requested to limit their selection to pubhcations 
that may be of especial interest to them. Requests for pubhcations 
should be addressed to the Director, Bureau of Mines. 

BUU.ETIN 19. Phymcal Emd chemical ptopertiea of the petioleuma of the San Joaquin 
Valley, Cal., by I. C. Allen and W. A. Jacobs, with a chapter on analyses of natuial 
gas from the Bouthem California oil fields, by G. A. Bunell. 1911. 60 pp., 2 pis., 

lOfigB. 

Tbchnicai. Papeb 3. Spedfications for the purchase of fuel oil for the Government, 
with directions for sampling oil and natural gas, by I. C. Allen. 19U. 13 pp. 

Technical Papbb 10. liquefied products from natural gas; their prt^rties and 
uses, by I. 0. Allen and G. A. Burrell. 1912. 23 pp. 

Technical Pafeb 25. Methods for the determination of water in petroleum and its 
products, by I. C. Allen and W. A. Jacobs. 1912. 13 pp., 2 figs. 

TxcsNiCAL Papeb 32. The cementing process of excluding water from oil wells as 
practiced in Calif omia, by Ralph Arnold and V. B. Garfias. 1913; 12 pp., 1 fig. 

Technical Papeb 37, Heavy oil as fuel for inlemal-combuHtion engines, by I. C. 
Allen. 1913. 36 pp. 

Technical Pafek 38. Wastes in the production and utihzation of natural gas and 
means for liieir prevention, by Ralph Arnold and F. G. Clapp. 1913. 29 pp. 

Technical Papeb 42. The prevention of waste of oil and gas from flowing wells in 
California, with a diacuasioh of special methods used by J. A. Pollard, by Ralph 
Arnold and V. R. Garfias. 1913. 15 pp., 2 pis., 4 figs. 

Technical Paper 45. Waste of oil and gas in the Mid-Continent fields, by R. S. 
Blatchley. 1914. 54 pp., 2 pis,, 15^. 

Technical Fapek 49. The fiaeh point of oils; methods and apparatus for its deter- 
mination, by I. C. Allen and A. S. Crossfield. 1913. 31 pp., 2 figa. 

TECHNICAL Papeb 51. Possible cauaeB of the decline of oil wells and suggested 
methods of prolonging yield, by L. G. Huntley. 1913. 52 pp., 9 6^. 

Technical Paper 57. A preliminary report on the utilization of oil and natural 
gas in Wytaning; by W. R. Calvert, with a dlBCuaaion of tho suitability of natural gas 
for m ftVirig gasoline, by G. A. Burrall. 1913. 23 pp. 

Technical Papeb 66. Mud-laden fluid applied to well drilling, by J. A. Pollard 
and A. G. E^gem. 1914, 21 pp., 12 figs. 

TECHNICAL PikPEB 68. Drilling wells in Oklahoma by tho mud-laden fluid method, 
by A. G. H^gem and J. A. Pollard. 1914. 27 pp., 5 figs. 

Ti^CHNicAL Papeb 70, Methods of oil recovery as practiced in California, by Ralph 
Arnold and V. K. Garfias. 1914. 57 pp., 7 figs. 

Technical Papeb 72. Problems of the petfoleum industry; results of conferences 
at Mttsburgh, Pa., August 1 and September 10, 1913, by I. C. Allen. 1914. 20 pp. 

TECHNICAL Papeb 74. Physical and chemical properties of the petroleums of Cali- 
fornia, by I. 0. Allen, W. A. Jacobs, A. S. Crossfield, and B. R. Matthews. 1914. 
38 pp., 1 fig. 

101 '- 



iLCD, Google 



A. ftW"- 

Air, expranra of condensates to, cfl*ct<rf S5 

corves gbfnrlni W,ST 

In oattml gBs M 

propwtlon of BIHM. 

datarmliutlao ot. >S 

lankigcaf, In gBsoliae pluils tS 

weight or, effect of temperBtnra <xi, Ognre 

showing IS 

Alc(*ol, sbeorptloiurf gaa by «T 

testing of aBtoral gas wKh 34 

AnawM, Okli., gasotlne blending at K 

prodnotlbn of gaeoHna U. IT 

Ammonb, d» ot, In rsfrlgtntbig gBaoliDS . . . Tl-ti 
Ainutiong Comity, Pa., BoaJyses otiiBtural 

gsa from 21 

Arodd, Rslpb, onoccnirenDeof gaaaOdoQ.. 7 
DD rscDvary of gasoline from nattiral gM. . * 

on waste of natuntl gaa 3 

Anstii»-HungU7,guoUiiepbntln. 19 

Bsrren Coonty, Ey.,natnral gas from, analy- 

BaPilDo, ptopertlas of 75 

" Blends," evspotttlon losses ot. Si 

tertsot 77,78,81,82 

rate of evopixstlon ol 83 

T^MT pressnre of , curves shoving Bl,l>9 

Bradtord, Pa., gasoUne blending at 93 

Brine, natural, occmrence of. S 

Brink, VI., on gasoline prodoctloo 11 

BnreoDof lUnsa, InTestlgationB by 3 

malhods of, lor testing natural gas 31 

on constituents ol natorsl gss 20 

Butane, boUlag point ot tf 

condensatloii ot, pressure raqnfred for. .. «9 

eipIoslTellmUsol 87 

llque&ctlon of 2S,2S 

[ropertles of. 25 

proportion of , inaataralgas 19,3D,(ll-U 

Butler County, Pa., natural gas from, aoaly- 

sesof 21 

notes OD , X 

C. 

CalUcmb, natural gas in, an^yaes of 21 

onfleldsln 15 

production of gasollue in 13,19 

equipment ffr ,,,..... , 
Carbon dioxide, apparatus lor 

ot 

In natural gas, proportlan erf. Il,23,61-M 

useof,lncoadensfnggaBdine.... 



Page. 

Carbon monoiidel D natural gas, abseooe of. . 20 

"Caalng.bead gas, "composition at 2S,2T 

d«anltlono( 5 

cation oj 
SteaUo Natural gas. 

Chambers, L. L., acknowledgments to 96 

Chnnihill Cmnty, Nev., natural gas from, 

analyses of 22 

Chute, H.O., on manufactureof gasoline 10 

ClBtip, P. a., on nnovery of gasoline from 

natoralgas 4 

on waste of natural gas 3 

Clarion County, Fa., natural gas from, analy- 

auof 21 

notes on 28 

Clardlneoll, aheorptldn of gas by t7 

chanolslaUcsot. 34 

34 

with S2,3i 

CoallngB oQ field, Cal., natnral gas trom, 

analyses o( 21 

Coalton, Okla., ncoviry of gasoline at 17 

Colorado, prodnctlon ot gasoline from natnral 

g"ln " 

ConqireesoTs, in gasuline manu^ture, types 

of 51 

uaeof. 52 

Condensates, tdendtng of, methods of. 93 

teste of 77,78 

... 77-81,97 

Se-89 

iBteot. 81-83,07,98 

factor affecting 84,85 

naolUot SI 

specific gravities of 76 

value of 17,18 

vapOTpressuTM of, curvw showing 90-02 

hctota aOerting S8-B2 

tests ot 87-89 

variations in 98 

8ie oJse Oasollae. 

Cottonseed on, solubility of gas in 34 

Crawfcffd County, Pa., natural gaa from, 

analyses of 22 

notes on 23 

Creek County, OUa., natural gas from, analy- 

sesof 21 

Curtis, E. F., acknowledgmeals to 98 

CosUng, Oklo., lecDVery of gasoline at. 5,17 

Coyahoga County, Ohio, analysis of natural . 

gas from 22 

Cymogene, prcqwrtlea of 75 



iin>EZ. 

Page. 



Dallu, Tax., anal; aaa ol lutoral gu Erom ■ . 23 
I>a)>,D.T,,ODnumbecofpii>du(!lii{aflveU8. 13.13 
Datawsn, Okla., reoavn? of gaaoUna at. 17 

"Dty"!", 



Erie Coantf, N, Y., ui£l}'Sl9 of natural gu 
EUUBU, oritletJ tampeiatuiB of 



txphnlvc llmita at. . ■ 



pn^wtksDl. 

fmportkia ol, Iniiatuialeas... 
■olDbOlty of, bi ctarolina oIL... 



relatioD at BpsdOo gnvlt; to.... 



.., ncoTW]' ol guoUne by 9 

FIthlBii, C. P., acknowledgmsitB to M 

FoUaii9bM,W.Va.,gasiaiiu plant at 13 

oatpnt of. tn 

natural gia at, analyBM at Bl,e2 

iwnlbDtlMlsat. U,e3,efi 

Fomt County, Pa., uataial gaa bum, analy- 






In Dualyclng natural 



reirfgaKdiDeby.. 

FranUln Camil:y, Ohio, analysli 
gastiom 

Fullnton oil Qeld, CaL, natnra 
analyseo ot 



giowtltat 

mettiodafbi 

QHiciac gravity at... . 



fireton gaTtming 73 

legul&tlans legirdbig 74 

yield of, (aotois affecting 57,t>5 

methods ot testing B5 

Sa alio CondnDsatai. 
QsKillne plant, compression type Ol M,M 

flguroo showing S6,M 



OrtB 



precaationa agalmt 
ntlanol, cnstot... 






onmore, Fnnk, a 
Olenn pool, Okla., 



method of blending at 98 

natmal gas bvm, analysn of. 17,93 

oil ab»rption ol, *7,« 

results ol taoW of. <Xi,ti 

Olann pool, natural gas from, speclQo giaTity 



any, J, L., on gasoline lecoTcry ■ . 



HamQton County, OUo, analysis ot ni 
BMfroni 



Helniailing, ~, on apparatoi for reoovtrtng 

gasoline 10 

Heptane, propertkH oL at 

vapor pnraure ol SS.V 

Haiane, piopotles of. 35 

Yapor pr»ssure at 38,49 

HID, B. , <m consumptloa ot natural gas. SO 

on manufaDture ot gasoline 13,13,10 

Eogahooter field, Okla,, natural gas In.. ai 



Buletl, O. A., acknowledgmeaU to. 
Humidity, relative, definltioDoL... 
Huntley, L. Q., on undsgronnd n 



on waste of natural gas... G,0 

Bydrocarbons, gaseous, explosive Umib at... OT 

properUceof. 31 

separation of W 



J. 
Jasper County, Ho., analyses ol oatoral gaa 

jEderaan Caunty, Ey., ajwlysin ot natural 

gas from 

Johnson, — , on apparatus tcr ra 



Kansas, production of gasoline fn 

Emtucky, natural gas In, analyses ot. 

productloD ol gasoline In 

Keni River oH field, CaL, natuisl gas &om, 

analyses of 

Kerosene, blending ofoondensate wttb, b8«0(i 



noBltsattostBor... 



Uxtlictli, A. B.,on wssM of Tmtnral gHB 4 

Uotbevi, I. W., ackcowlodgmenta to BS 

UaTbure,P«.,gaiollne plant at B 

HeCmw, lolm, Kskoowledgnunts to 98 

MoDonald,PB,,outpntoIgftsollneat (11,82 

natonl gaa at, analyaea ot 6t,S2 

nstilta or teats oL fll,6Z,« 

l(eEeuiCaiuit;,Ps.,oatpiitoIgaBolliwhi... S8 
ICcKKtrkk oil neld, CaL, notunl gaa frooi. 



Hetliuie, critical tcmpsBton of w 

tipliatvt limita of AT 

llqnefcctlonot 28,28 

proportion of, in nfttoial gas 2l,Z2,Bl-ft4 

■ohibUity of. In olb 34 

Uld-Contfaent neld, otl wells In, length of lUe 

of 70 

17,18 



:<Bplitlui, blenillag of ga 



r7,78,SI,S2,S1,SS,07,SS 



metltodof 



Natural KU,atiflOfptlon of, b^oU U-M 

relation of, to gasoline recovtry 45,tS 

uulyMaoT 21,32 

methods of, 

cliiBiautlanof 20,30,31 

a)miK>aItlonof,T»iatJDniln 20,<5,4«,e4 

Ga,G3 



changes during, Bgore shoring. . . 

ts of, twpaiatian of 

m of, In United StoUs 



aiploelve limits of. 
determinsUnnot. 



occuiimiw of, oondnions governing 4,6 

foeranng on, effect of. ST 

aunpba of, absoiptlon numbers of 61 

separation of oil from lOO 

si«cillc gravities of .'. 21, 22, ei-M, or 

■ J6,M 



EX. 106 

Nevada, natural gas In, analyses of 23 

New York, production of gsKillne In. 11, !• 

Nitrogen, proportion of, in natural gae. ai,22,«l-«l 
Novata Coanty. OkU., anatfses ol natund 
gas from 22 



Octane, vapor iHeesore of. 

Ohio, production of gasoline fa. . . 
Oil, flow of, conditions governing. 

low production of, oanses of... 

Sa alia FetroleMin. 



OUfli 

Oil wells, (scape of gaa from 

prtssurra in, cause of 

nndsi^ronnd connection between. 

Oklahoma, natural gas In, analyses of. 

ptodoctlon of gajollne Id. 

01liida,Cal., gasoline plant at 

Ollphant, F. H.,onmcesurliigDowotgas... 

Olive oil, mdubllity of natural gaa In 

Or^on, natoral gas In, analyses of. 



Orsat apparatus Cor SDalyihig natuiBl gaa — 34,35 
Dgure shoving 35 

Oxygen, In natural gas, determination of 34 

proportion of 21,23 



Jsby.. 



Paraffin hydrocarbons. i9k Hydrocarbons. 
Paikasborg, W. Vs., gasoline blending at. . . 

oil wells at, Ufa of. 

Pennsylvania, natmal gas In, analyses of .. .. 31 

prodnctlDn of gBsolMo fn 11-li 

Fentane, boiling point of 

explosive limits of 

projHitles of. 

vapor prcssnre of 2 

Peru, gasoUne plant In, details of 

Peterson, F. F.,acknoiriedgmHitB to 

manobcture of gasolioe by .'.. . 

on cooling Datmal gaa 



separation of hydrocarbons by 

Fetroknm, definition ol 

other, properties of. 

gas, liquefied, dfOnltlon of 

separattoaofgaslrom 

F leiometur, details of. 

Pipes, CTOSft«ecttonBl areas of 

PItottubo,dftoU3of. 

Bguree showing. 

nieasuremeot of flow of gas with... 



.. 37,33 
.. 37,40 
17,44,90 



erploslve limits of tS 

Follard, 1, A., on waste of natural gas < 

Propane, boiling point of iiO 

critical pressure of 33 

critical temperature of 38,39 



iLCD, Google 



